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IINTAHUPYEMBIE PE3YJIbTATBI OBYYEHUSA OOII

Kon
pe3yJibTara

Pe3yabTaTt 00yueHnus
(BBIIYCKHUK J10JI2K€H ObITH TOTOB)

O01IeKyJIbTYPHBbIC KOMIIETCHIIUU

P1

JIeMOHCTpUpOBaTh  KYJbTYpY  MBIIUIEHUS, CHOCOOHOCTH K
000O0IIEHUIO, aHaNu3y, BOCHPHUATHIO HWH(POpPMAIUH, TOCTAHOBKE
HenM W BBIOOPY TyTeH ee JOCTH)KCHMS, CTPEeMJICHHS K
CaMOpa3BUTHIO, TIOBBIIICHUIO CBOEH KBaNU(UKALUA U MAacTEPCTBA;
BJIaJICHUE OCHOBHBIMH METOJAMH, CIIOCO0aMHU H  CpEICTBaMH
MOJTyYeHUsI, XpaHEHUs, TepepadoTKH WH(OPMAIINN, HABBIKA PaOOTHI
C KOMIBIOTEPOM KaK CpEICTBOM yIpaBieHUs WHPOpMaIUei;
CIIOCOOHOCTH ~ paboThl ¢  uH(poOpMamumelr B TIOOATBHBIX
KOMIBIOTEPHBIX CETSX.

P2

CnocoOHOCTh JJOTUYECKH BEPHO, apTyMEHTUPOBAHO U SICHO CTPOUTH
YCTHYI0O M THMCBMEHHYIO p€Yb; KPUTHYECKHM OLIEHUBAaTh CBOU
JOCTOMHCTBA M HEJOCTaTKW, HAMEYaTh NyTH U BBIOMpATh CPEACTBA
Pa3BUTHS JTOCTOMHCTB U YCTPAHEHUsI HEJJOCTATKOB.

P3

['0TOBHOCTBIO K KOONEpALUU C KOJUIEraMu, padoTe B KOJJIEKTUBE; K
OpraHu3alid  pabOThl MaJbIX  KOJUJIEKTUBOB  HMCIOJIHUTENEH,
IUIAaHUPOBAHUIO pPa0OTHl TMepcoHana U (OHIOB OIUIATHl TPYAQ;
ITEHEPUPOBATh  OPraHU3ALMOHHO-YIPABICHYECKUX  PCIICHUSA B
HECTAHJAPTHBIX CUTyalUsAX U HECTU 3a HUX OTBETCTBEHHOCTb, K
pa3pabOTKe  ONEpaTUBHBIX  IJJAHOB  PabOTBl  NEPBUYHBIX
IIPOU3BOJCTBEHHBIX II0JAPA3/IEICHUN; OCYILIECTBICHUIO U aHAIU3Y
UCCIIEZIOBATEIBCKOM M TEXHOJIOTUYECKON JIEATEIBbHOCTH KaK 0ObEKTa
YIIPaBJICHHS.

P4

YMeHue ucnoiab30BaTh HOPMATUBHBIC MPABOBBIE JOKYMEHTHI B CBOEH
NEeATEeIbHOCTH, MCIOJIb30BaTh OCHOBHBIE TIOJOXKEHUS U METOJIbI
COIIMAJIbHBIX, TYMaHUTAPHBIX U DKOHOMUYECKUX HAYK MPHU PEIICHUU
COIMAJbHBIX U  MPOodEeCCHOHAIBHBIX  3aJlad, aHaJIU3UpPOBATh
COIlMAJIbHO-3HAUUMbIE  TPOOJIEMBbl M  TPOILIECCHI;  OCO3HABAaTh
COIMAJIbHYI0 3HAYMMOCTh CBOEW Oymymiei mpodeccun, obraaaTh
BBICOKOW  MOTHBAIlMEll K  BBINOJHEHHUIO MPOodecCHOHATBHOM
NEATEIIbHOCTH.

P5

Brnaners ofHMM W3 WMHOCTPAHHBIX $I3BIKOB HAa YpPOBHE HE HIXKE
Pa3roBOPHOTO.

P6

Bnaners CpencTBaMu CaMOCTOSITENILHOTO, METOIMYECKU
MPaBUJILHOTO MCIOJIb30BaHUS METOA0B (PM3UYECKOT0 BOCITUTAHUS U
YKPEIUIEHUSI 3J0pPOBbs, FOTOB K JIOCTHXKEHUIO HOJDKHOTO YpPOBHS
bu3uYeCKON MOATOTOBICHHOCTH Jii OOECIEeUeHHUs] MOJHOICHHON
COIMaIbLHOM U TTPOeCCUOHATIBHON JIEATEIbHOCTH.




Kon

PesyabTaTt 00yueHnust

pe3yJbTaTa (BBIIMMYCKHUK J10JI2KE€H ObITH TOTOB)
IIpodeccuoHabHbIE KOMIIETEHIIMH
P7 Hcnonb30BaTh OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX JUCLMILINH

B NpOopEeCCHOHANBHON  JEATENbHOCTH, TMPUMEHSATH  METOJBI
MAaTeMaTUYECKOTO aHajau3a M MOJECIMPOBAHUSA, TEOPETUYECKOTO M
HKCIIEPUMEHTAIBHOIO UCCIICIOBAHMS.

P8

Bnagetp OCHOBHBIMM METOJAMHU  3AIMUTH  MPOU3BOJICTBEHHOTO
IepCOHANa W HACEJEHUS OT BO3MOXHBIX TNOCJIEACTBUN aBapuu,
KatacTpod, CTUXUUHBIX OeacTBuil; W OBITH TOTOBBIM K OILICHKE
SAJIEPHOM M paiMallMOHHON 0€30MaCHOCTH, K OIIEHKE BO3JIEHCTBUS Ha
OKPYXAIOILYIO CPey, K KOHTPOJIIO 32 COOIIOACHUEM KOOI HYECKON
0e30macHOCTH, TEXHUKU O€30MaCHOCTH, HOPM U  IpaBuUiI
IPOU3BOJICTBEHHON CaHUTApUU, NOXAPHOW, pPaAUAUOHHON W
SAIepHOM  OE30MaCHOCTH, HOPM OXpaHbl TPYyJa; K KOHTPOJIIO
COOTBETCTBHUSl  pa3palaThIBAEMbIX MPOEKTOB U  TEXHUYECKOU
JIOKYMEHTAIIMU CTaHJapTaM, TEXHUYECKUM YCIOBUSIM, TPEOOBAHUSIM
0€30MacHOCTH W JPYyrUM  HOPMATUBHBIM  JOKYMEHTaM; 3a
COOJIFOICHUEM TEXHOJOTUYECKOW IUCHMIUIMHBI U OOCITY>KHWBAHUIO
TEXHOJOTUYECKOTO OOOpYIOBaHMS; M K OpraHu3alluy 3alluThl
OOBEKTOB HHTEIUICKTYaJIbHOM COOCTBEHHOCTH U  PE3yJbTAaTOB
HCCIIEIOBAaHUM M pa3pabOTOK Kak KOMMEPYECKOW  TalHbI
NPEANpUsATUS;, U TMOHUMATh CYIIHOCTh U 3Ha4eHHE HH(POpPMAIUH B
Pa3BUTHH COBPEMEHHOTO MH()OPMAIMOHHOTO OOIIECTBA, CO3HABATH
OMAaCHOCTH U YIPO3bl, BOSHUKAIOIINE B 3TOM Ipoliecce, COOMoAaTh
OCHOBHBIE TpeOoBaHUs HHGPOPMAIIMOHHON O€30MacCHOCTH, B TOM
YHCJIE 3aIIUThl TOCYAAPCTBEHHON TalHBI).

P9

YMeTh NMPOU3BOJIUTL pacuyeT M NMPOSKTHPOBAHUE JETaleH M y3JI0B
prOOPOB U YCTAaHOBOK B COOTBETCTBUHU C TEXHUYECCKHM 3aJaHUEM C
HCIIOJIb30BaHUEM CTaHIapPTHBIX CpEICTB ABTOMATH3AINN
MPOCKTUPOBAHMS,  pa3padaTbiBaTh IPOCKTHYIO H  pabouyro
TEXHHUYECKYI0  JOKYMEHTaluio, Oo(OpMIICHHE  3aKOHUCHHBIX
MPOEKTHO-KOHCTPYKTOPCKUX PadOT; MPOBOJMUTH IMPEIBAPUTEIIEHOTO
TEXHHKO-9KOHOMHYECKOTO OOOCHOBAaHHMS IMPOCKTHBIX PAacyeTOB
YCTAaHOBOK M MPUOOPOB.

P10

['oTOBHOCTP K  3KCIUIyaTalldd  COBPEMEHHOTo  (PU3UYECKOTO
o0opynoBaHusi W MpPUOOPOB, K OCBOCHUIO TEXHOJOTMUYECKUX
MIPOLIECCOB B XOI€ MOATOTOBKM IMPOM3BOJICTBA HOBBIX MaTEpPHAJIOB,
npuOOpoOB, YCTAHOBOK M CHCTEM; K HaJlaJKe, HACTpOIiKe,
PETYJIMPOBKE M OTMBITHOW TIPOBEPKE 000PYTOBAHUS U TPOTPAMMHBIX
CpPEICTB; K MOHTaXy, HajaJKe, WCHBITAHUIO © CcJade B
AKCIUTyaTalMI0 OMbBITHBIX 00pa3lloB MPUOOPOB, YCTAHOBOK, Y3JIOB,
CHUCTEM U JeTalieil.




Kon
pe3yJibTara

PesyabTaTt 00yueHnust
(BBIIMMYCKHUK J10JI2KE€H ObITH TOTOB)

P11

CriocoOHOCTE K opraHu3aliii MCTPOJIOTHYCCKOI'O oOecneueHus
TCXHOJIOTHYCCKHUX IIPOLCCCOB, K UCIIOJIb30BAHNUIO TUIIOBBIX MCTOIOB
KOHTpPOJII KadCCTBA BBIHYCKaeMOﬁ IMpOAYKIIMM, MW K OICHKC
HMHHOBAIIMOHHOI'O IIOTCHII HMAJIa HOBOH IMPOAYKIIMH.

P12

CrocoOHOCTh HCTONb30BaTh WH(GOPMAIMOHHBIE TEXHOJOTHH TpU
pa3paboTKe HOBBIX yCTaHOBOK, MaTE€pPHaIOB U MPHUOOPOB, K cOOpy U
aHanu3y UH(GOPMAITMOHHBIX UCXOIHBIX JAHHBIX IS
MPOEKTUPOBAHUS MPUOOPOB M YCTAHOBOK; TEXHUYECKUE CPEICTBA
IJIS. U3MEPEHUsI OCHOBHBIX IapaMETPOB OOBEKTOB MCCIICAOBAHUS, K
MOJTrOTOBKE JJAHHBIX JJIS COCTABJICHUSI 0030pOB, OTYETOB U HAYYHBIX
MyOJIMKalUii; K COCTaBJICHUIO OTYETa MO BHIMIOJIHEHHOMY 3a/IaHUIO, K
y4acTHUIO BO BHEAPEHHUU PE3YJIbTATOB MCCIEIOBAHUN M pa3pabOTOK;
U TPOBEACHUS MaTEMaTHUYECKOIO MOJEIMPOBAHUS IPOLIECCOB U
OOBEKTOB Ha 0a3ze CTaHAAPTHBIX IMAKETOB ABTOMAaTH3UPOBAHHOIO
IPOEKTUPOBAHHUS U UCCIICJOBAHUM.

P13

YMeTh TOTOBUTH WCXOJHBIE JAHHBIE ISl BHIOOpA W OOOCHOBAHUS
HAay4YHO-TEXHUYECKMX M OpPraHU3allMOHHBIX PEIICHU Ha OCHOBE
DKOHOMMYECKOTO aHAJIN33a; MWCIOJIb30BAaTh HAYYHO-TEXHUYECKYIO
MH(}OpMaMIO, OTEYECTBEHHBIM U 3apyOeKHBIM ONBIT MO TEMAaTHKE
HCCJIEIOBAHMSI, COBPEMEHHBIE KOMITBIOTEPHBIE TEXHOJOTUU U 0a3bl
JaHHBIX B CBOEH NpPEeIMETHOW 00JIaCTH; W BBIIOJHATH PabOTHI IO
CTaHIApTU3alMM U TMOATOTOBKE K CEPTU(PUKALUU TEXHUUYECKUX
CPEICTB, CUCTEM, IPOIIECCOB, 000PYIOBaHUSI U MAaTEpUAJIOB;

P14

['OTOBHOCTP K TPOBENCHUIO (PUINYECKUX HKCIEPUMEHTOB IIO
3aJJaHHOM  METOJIMKE, COCTABJICHUIO OIMCAaHMS  IPOBOAUMBIX
WCCIIENOBAHUM W aHauu3y pe3yJlbTaTOB; aHaiuu3y 3arpar |
pPE3yJbTAaTOB AESATEIBHOCTU MPOU3BOACTBEHHBIX MOAPA3AECICHUN; K
pa3pabOTKM  CIOCOOOB  MPUMEHEHUSI  SIIEPHO-DHEPreTUUYECKUX,
IJIA3MEHHBIX, Ja3epHbIX, CBY ¥ MOLIHBIX UMITyJIBCHBIX YCTaHOBOK,
DNEKTPOHHBIX, HEUTPOHHBIX M MPOTOHHBIX IIyYKOB, METOIOB
AKCIIEPUMEHTAIbHON  (U3MKM B PEHIEHUHM  TEXHUYECKHX,
TEXHOJIOTHYECKUX U MEJUIIMHCKHUX TPOOIEeM.

P15

CrocoOHOCTh K MPUEMKE U OCBOEHHUIO BBOIMMOTO 00OPY/IOBaHUA,
COCTABJICHHIO HMHCTPYKIIMA IO OKCIUTyaTallud OOOpYJIOBaHUS H
IporpaMmm VICTIBITAHU; K COCTaBJICHUIO TEXHUYECKOU
JTOKyMeHTaIu (rpadukoB padoOT, WHCTPYKIMH, TUIAHOB, CMET,
3asBOK Ha MaTepualbl, 000OpYyJOBaHME), a TAKKE YCTaHOBJIECHHOM
OTYETHOCTH TI0 YTBEPKIECHHBIM (hopMaM; U K OpraHu3aluu pabounx
MECT, ux TEXHUYECKOMY OCHAILIEHHUIO, pa3MeIleHUIO
TEXHOJIOTUYECKOr0 000PYI0BAHHUS.
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Otnenenue mkoisl OTAEICHNE SAEPHO-TOIIMBHOIO IIMKIIA
YTBEPXAIO:
PyxoBonutens OOII
23.04.2019 berukos I1.H.
(IMommuce)  (Mara) (®.11.0.)
3AJAHHUE
HA BBINOJIHEHHE BHINYCKHOH KBAJIN(PUKANMOHHON padoThl
B dopwme:
| GakamaBpcKoii paGOTHI
CryneHry:
I'pynna PUO
0A5A borynosoii Anune CepreeBHe
Tema paboThI:

JIMHEHHOT'O YCKOPUTEJIS. .

MOI[GJ'II/IpOBaHI/IC MCTOAOM MOHTC-KapJ'IO XAPaAKTCPUCTHUK DJICKTPOHHOI'O ITyYKa MCIUITHHCKOI'O

YTBepKIeHa MPUKa30M AUPEKTOpa (1aTa, HOMep)

| 1862/c

‘ CpOK cavu CTyACHTOM BBIITOJTHEHHOM pa6OTBIZ

TEXHUYECKOE 3AJIAHUE:
Hcxonnbie nanHblie K padore 1) TIporpamma PCLab «KommnbrotepHas
nmabopaTopusi»,

2) Crarss «Influence of initial electron beam
characteristics on Monte Carlo calculated
absorbed dose distributions for linear
accelerator electron beamsy.

IlepeyeHpb MOAJIEKAINMX HCCaenoBannIo, | 1) O0630p IuTepaTypsl Mo TeMe U BHIOOP

NMPOEKTHPOBAHUIO U Pa3padoTKe TEOMETPHH TSI MOJICTUPOBAHHS

BOIIPOCOB 2) CocraBnenue GpaiioB TaHHBIX IS
MOJICTTUPOBAHUS;

3) Pacyersl XapaKTEpUCTUK DJICKTPOHHOTO MyUKa,
IIPH €T0 MTPOXOXKICHHH TCOMETPHH
dbopmupoBaHus,

4) Tloabop HaYaNbHOW SHEPIHH, IS COTIIACHS C
HKCIIEPUMEHTATbHBIMU JAHHBIMU;

5) MeToa yMeHbIIICHHS BPEMEHH pacueTa,

6) AmnHaiu3 pe3yIbTaTOB U BHIBOJIBI;

7) ®OUHAHCOBBIN MEHEIKMEHT;

8) ComuanbHasi OTBETCTBEHHOCTb;

9) 3axmoucHwHe.




Ilepeuens rpaguueckoro marepuasa

KoHcyabTaHTBI 10 pa3/iesiaM BbINYCKHOM KBAIN(UKALMOHHON padoThl

Paznea KoncyabTant
DuHAHCOBBIM MEHEKMEHT,
pecypcoddHEeKTUBHOCTD U [Toponpuropa U.B.
pecypcocOepexeHre
ConyanbHasg OTBETCTBEHHOCTD TI'oronesa T.C.

HaszBanus pPa3aeioB, KOTOPbIC TO/IKHBI ObITh HAIIMCAHBI HA PYCCKOM SI3BIKE:

BBenenue

00630p nuTEpPaTYpHI

Pacuer xapakTepUCTHK IEKTPOHHOI'O NyYKa MEAUIIMHCKOrO JIMHEHHOIO YCKOPUTEIIS

DUHAHCOBBII MEHEKMEHT, pecypcodPEeKTUBHOCTh U pecypcocOepexeHme

ConmanbpHas OTBETCTBEHHOCTD

JlaTa BbIIa4¥ 32/1aHUA HA BHINOJIHEHHE BHINTYCKHOM
KBAJIM(PUKANMOHHOMH Pad0ThI N0 JUHEHHOMY rpaduKy

3agaHue BbI1aJ PYKOBOJAUTEb:

J0KHOCTH [5(0] Yuenasi cTeneHb, Moanucy Jata
3BaHHMe

Honent OATI] becnanos B.1. K. .-M. H.

38}13HI/I€ IMPUHAJ K MCIIOJTHEHUIO CTYACHT:

I'pynna [g7(0] Hoanuch Jlara

0AS5A borynosa Anuna CepreeBHa
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‘ OakanaBpckas pabora

KAJIEHJIAPHBIN PEUTUHI -TIVIAH
BbINOJIHEHNSI 0aKAJABPCKO padoThI

‘ Cpok c/1auM CTY/IEHTOM BBIIIOJIHEHHOM pabOThI:

Harta HasBanue pasnena (MmoaxyJst) / MakcuManbHbIIi
KOHTPOJIst BUJI padoThl (Mcciiel0BaAHMS) 0aJ1 pazaena (MoayJis)
14.03.19 CocTaBJIeHHUE U YTBEP)KJICHUE TEXHUYECKOTO 3a/IaHUsl
15.03.19 [ToGop M W3ydeHNEe MaTEPUAIIOB TI0 TEME
21.04.19 [IpoBeaeHne MoteTupoBaHus
10.05.19 [TonydyeHne JaHHBIX MOHUTOPHHTA
13.06.19 IMoaroroska k 3amure BKP
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J0KHOCTH [(%(0] Yuenas cTeneHs, Moanucey JlaTa
3BaHHUE
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COI'TACOBAHO:
Pykosoantean OOIT DdUO YueHasi CTeNeHb, MMoanuch JlaTa
3BaHHUE
SAnepusle pusuka u berukos I1.H. K.T.H.

TCXHOJIOTHMH




_ 3AJIAHME ISl PA3JIEJIA
«®PUHAHCOBBIII MEHE/KMEHT, PECYPCOD®®EKTUBHOCTH 1

PECYPCOCBEPEXEHUE»
CryneHnry:
'pynna D®UO
0ASA borynoBoii Anune CepreeBne
Hxoga T Otnenenne mkoiabl (HOL) osITH
Yposennb 00pa3oBanus BaKanaBp HanpasieHue/cnenuajbHOCTD 14.03.02 }I,Z[eprIe

¢du3uKa 1 TeXHOIOTUH/
Pagnanunonnas
0e30IMacHOCTh YeI0BeKa U
OKPYKaroIel CpeIbl

Hcxonnbie 1anHble K pa3aenay « DHHAHCOBbIA MEHEIKMEHT, pecypcodPPeKTUBHOCTDH U
pecypcocOepekeHue»:

1. Cmoumocms pecypcos nayunozo ucciedosanus (H1):

mamepuairbHo-mexHu4ecKux, onepeemudecKux, qbuHchoebzx,
qubopMauuongzx u yejloeedecKkux

— MarepuanbsHsle 3aTpaTsl — 445;

— 3arparthsl Ha cnienuanbHoe 00opyoBanue — 25750;
— 3apabotHast iata — 7754,

— OtuncneHns Bo BHEOOKeTHBIC (GOHIBI — 2171,
— Haxmagnsie pacxonst — 908,6;

— bropker 3atpatr HTU — 37028,6.

Hopmbl u nopmamugel pacxodosanust pecypcos

Tapu¢ Ha smmexTposnepruro 2,45 p. 3a 1 kB1*u

HCI’IOJst’yeMaﬂ cucmema Ha]l02005ﬂ09fC€Hu}l, cmaesKku
HAJlo2coe, omwcxzeﬂuﬁ, 0uc;<0Hmup06aHu;l u erdumosayu;z

— Paitonnsrit koappumuent — 30%;
— Kosddurmment orancnenuit Bo BHEOIOIKETHEIC
dhonas — 28%.

IlepeyeHsb BONMPOCOB, MO/JIEKANMX UCCTEIOBAHUIO, TPOEKTHPOBAHMUIO U Pa3padoTke:

1. OL;QHK(,Z KomMmep4decko2o nomernyuaia, nepcnekmueHocmu u

anvmepuamue nposedenuss HU ¢ noszuyuu
pecypcorhpexmusnocmu u pecypcocbepedicenus

AHanu3 anbTepHATHUBHEIX cIOc000B mpoBeaeHus HU

2. IInanuposanue u ghopmupogarue 0100x4CemMa HAYUHbIX — Hepapxmaeckas cTpyKkTypa pador;
uccneo0o8anuil — SWOT - ananmus;
— ONpEACNICHNE TPYIOSMKOCTH BBIIIOJIHEHHUS PadoT.
3. Onpeodenenue pecypcroii (pecypcocbepezaroweil), BroxeT HayqyHO — TEXHHYECKOTO HCCIICIOBAHUS:

Qunarncogotl, 0100AHCeMHOU, COYUATLHOU U IKOHOMUYECKOU
aghpexmusnocmu ucciedo8anus

— pacuer MaTepualbHBIX 3aTpaT;
— pacder 3aTpaT Ha CIlel[HajIbHOe 000pyAOBaHHE;

— pacdeT OCHOBHOM U JIOTIOJIHUTEIBHOI 3apaboTHOM
IUIATHI UCTIOJTHUTEISH TCMBI,

— OTYHCJICHUA Ha COUMAJIbHBIC HYX/bI;

— HaKJIQJAHBIE PACXO/bI;

— (opMHpOBaHUE OIOKETA 3aTparT.

Hepeqenb rpa(l)nlleucoro MAaTEPHUAJIA (c mounvim yrazanuem 06a3amenvHblX yepmedicel) .

1.

g s> wDn

Cezmenmuposanue puluka;

Oyenka KOHKYpEeHmMHOCNOCOOHOCIU MEXHUYECKUX DeueHUll;
Mampuya SWOT

Tpaghux nposedenus u b6100xcem HU;

Oyenka pecypcHoil, puHancosotl u I9koHomuueckou d¢pgpexmusnocmu HU

‘ JlaTa BbIIa4M 3aaHUA JJIS pa3/iesia o JHHEeHHOMY rpaguky ‘

33}13HI/IC BbIJ1AJI KOHCYJIbTAHT:

Jo/KHOCTH (115 (0] ‘Y4eHasi cTeneHs, MMoanucy JaTa
3BaHHe
Jouent OCT'H ITogonpuropa M.B. K.D. H.
3a11aHue NPUHAJJT K UICITIOJTHEHUIO CTYAECHT:
I'pynna [037(0] Hoanuch Jara
0ASA borynoBa Anuna CepreeBHa




3AJAHUE JIJISI PA3JIEJIA
«COIAAJILHASI OTBETCTBEHHOCTb»

Crygnenry:

I'pynna DUO

0ASA borynoBoii Annne CepreeBne
Hxoga T Ornesenne mkouabl (HOILI) OsATH
Yposennb 00pa3oBanus 6a1<aJ1aBp HanpasJieHue/cnenuajibHOCTD 14.03.02 }I,Z[eprIe

¢bu3uKa 1 TEXHOIOTUH/
Pagnanunonnas

0e30I1aCHOCTh YEJIOBEKA

1 OKPY’)KAFOIIeH CpeJIbl

Hcxoanble faHHbIE K pa3geiny «COIII/Ia.TIbHaﬂ OTBETCTBEHHOCTD) .

B03HUKHOBEHUA.

1. Onucanue pabouezo mecma (paboueti 30Hbl) Ha npeomem

BPEIHBIX MPOSIBICHNH (hakTOpOB
MPOU3BOJCTBEHHON CpEbI
(MHKpOKIHMAT,  OCBEILICHHE,
BUOpalny, H3ITyUCHHUE);
OTIACHBIX ITPOSIBIICHUH (DaKTOPOB
MPOU3BOJCTBEHHON CpEIbI
(37eKTpUYECKOH, MOXKapHON U B3PHIBHOM
TPHPOJIBI).

IIyMBI,

meme:

Z.Hepeuenb 3AKOHOOAMENbHBIX U HOpMAMuBHbLX OOKyMEHWIOS no

TpeOOBaHuUs K OXpaHe Tpy/a 1o padore ¢
I[13BM;

9EeKTPOOE30MaCHOCTb;
M0XKapOB3PhIBOOE30MACHOCTb.

Hepeqeﬂb BOIIPOCOB, NOJJICKAIUX HCCIACTO0BAHUI0, IPOCKTHUPOBAHUIO H pa3paﬁoTKe:

NOCIe008aAMENbHOCTIL

1. Ananus svisisnernblx 8PeOHbIX (PAKMOPOE NPOESKMUPYEMOU
npou3800CMEeHHO cpedbl 8 Credyrouell

neiicTBre akTopa Ha OpraHu3M
YEII0BEKa;

TIPUBEICHHE JIOMYCTHUMBIX HOPM C
HE00XOIUMON Pa3MEepPHOCTHIO (CO
CCBUIKOHM Ha COOTBETCTBYIOIIUH
HOPMAaTHBHO-TEXHUYECKUI JOKYMEHT);
TIpeAsaraeMble CpeCTBa 3aUTHI
(KOJUIEKTUBHBIE ¥ HHAWBUAYAJIbHBIE).

2. Ananu3s 6visiGNEeHHbIX ONACHBIX YAKMOPOS NPOEKMUPYEeMOU
npoussedEénHoU cpeobvl 8 credyioueli nocied08amenrbHOCmu

3NIeKTPOOE30IacHOCTh (MCTOYHHKH,
CpEeJCTBa 3aIIUTHI);
MOXKapOB3PbIBOOE30NACHOCTH (PUYHHBI,
MPOGUIAKTHUECKUE MEPOIPUATHS,
MEePBUYHBIE CPEICTBA MOKAPOTYIICHHUS).

| laTa BbIIaum 3a1aHust IS Pasieia 1o JHHeiHoMy rpaduKy | 23.04.2019
3anaHue BbIIAJ KOHCYJIbTAHT:
JoskHoCTH [5(0] Yuenas crenenb, IMoanucn Hara
3BaHHUE
Accucrent OATI] I'oronesa T.C. K.(.-M.H. 23.04.2019
3aaHue NPUHSAJ K MCIIOJTHEHUIO CTYAEHT:
I'pynna DPUO Mogmuce Jara
0ASA borynoBa Anmna CepreeBHa 23.04.2019




PE®EPAT

BoimyckHast kBanuduKalmoHHas padoTa COAepKUT 74 cTpaHuibl, 25
pucyHok, 19 Tabmui, 19 ncTouHMKOB.

KiroueBbie cnoBa: meron Monre-Kapno, MeIWIMHCKHN JIMHEWHBINA
YCKOPHUTENb, TUTIOBAsI cXeMa (POPMHUPOBAHUS JIEKTPOHHOTO TyUKa.

OOBEKTOM WCCIEJOBaHUS SIBISIOTCA XAPAKTEPUCTHKH  AJICKTPOHHOTO
myyKa.

[lenp pabGoTbl — paccuuTaTh MeTOoAOM MoHTe-Kapimo XapakTepucTUKH
AJIEKTPOHHOTO MyYKa MEIULUHCKOTO JIMHEHHOTO YCKOPUTENS C YYETOM THUIIOBOU
cxeMbl (HOPMUPOBAHUS MTyUKa.

B xonme wuccnenoBaHus ObUIO BBINOJIHEHO MOJEIMPOBAHUS METOIOM
Momnrte-Kapio xapakTepuCTHK JJIEKTPOHHOTO Iy4YKa C YYE€TOM €ro CHCTEMbI
(dopMupoBanus. belmn paccunTaHbl CieKTpaibHbIE, [NTyOUHHbBIE U TIOBEPXHOCTHBIE
pacnpeneneHuss 3JeKTPOHHOTO Iydka. bbuta paccunmTaHa HavaibHash SHEPIUs
muHeitHoro yckoputens ONCOR, npu KOoTOpo# OBUIO TOCTUTHYTO COOTBETCTBUS
MEXJy PpAacCUMTaHHbIMU U  OKCIEPUMEHTAIbHBIMM JaHHbIMH. C  LEIbIO
YMEHBIIIEHUSI BpPEMEHW pacueTa OBLI MCHOJb30BAaH IUJIOCKUA HMCTOYHUK.
[TpousBeneHa OlleHKAa YMEHbBILIEHUSI BpEMEHH pacuera.

OO0nacTh NpUMEHEHUS: siiepHasi MEIULIMHA.

3HaUYUMOCTh PabOThI: BBICOKASI.
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O0o3Ha4YeHNs U COKPaALLICHUS

NOJIT — UnTpaonepannoHHas JiyueBasi Tepanus;
PHUII — PaccTostHue MCTOYHUK—TIOBEPXHOCTB;
PDD - IlpoueHTHas TiIyOMHHAs J1034;

1IN — [l1ocknii UICTOUHUK.

11
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Beenenue

Jlns peanuzaiuu 1eJie COBPEMEHHOW JIy4eBOW Tepamuu HEOO0XO0JIUMO
00eCreunTh JOCTaBKY BBICOKOM OJHOKPATHOM O3Bl HEMOCPEACTBEHHO K
NaTOJIOTMYECKOMY ovary. 3ajada He IpocTasi, TaK Kak JII00OH My4yoK HE0OX0IUMO
peaBapUTEILHO CHOPMHUPOBATH — CO3/1aTh PAaBHOMEPHYIO TUIOTHOCTH TOTOKA, C
ONpENIECIICHHBIMU  MPOCTPAHCTBEHHBIMU pa3MepaMu. B  HacTosimue Bpems
WCMOJIb30BAHUE BJIEKTPOHHBIX IYYKOB B JIYYEBOW TEPANMUU SIBJISIETCS OJHUM U3
OCHOBHBIX  METOJIOB  OONyuyeHHUs  3JIOKAUYECTBEHHBIX  HOBOOOpPAa30BaHUM.
[IpeumyiiectBa MNPUMEHEHHUS JJIEKTPOHOB B  paJuMOTEpanuu  O0OYCIOBIICHbI
OCOOCHHOCTSIMU WX B3aUMOJICHCTBHUSI CO CPEAOM M 3aKIIOYaroTcsi B OOJbIIeH
OJTHOPOJTHOCTH JI03bI B 00bEME oyara ¥ MEHBIIEM YpPOBHE J030BOM HArpy3ku B
OKPY’KAIOIIUX U TIIYOOKO 3aJieralolnX HOPMaIbHbIX TKAHSX.

Cnenyer OTMETUTh, YTO JJisi (POPMUPOBAHUS TITYOUHHOTO paclpeesCHUs
JI03bl TEPANEBTUYECKOTO MydYKa SJIEKTPOHOB B COOTBETCTBHUU C OCOOCHHOCTSIMU
Tela YeJIOBEKa, HEOOXOJAMMO YYECTh CJIOKHOCTh MPOILIECCOB B3aUMOJCUCTBUSA
AJIEKTPOHOB KakK BOJW3M TpaHUI] pasjena JABYX cpel BO3AyX-KOXa, Tak U C
BHYTPEHHUMU OPTraHaMH PA3JIMYHON INIOTHOCTH.

TouHBIN pacyeT AO30BOrO MOJIS B IMALMEHTE B HACTOAIIME BPEMSI MOXKHO
BBINIOJIHUTh JUIIb MeTrogoM MonTte-Kapno. OH 1o3BOJSIET y4YecTb BCE
HEOOXOIMMbIC JIEMEHTHI MOJTOTOBKU MyYKa M CJIOXKHYIO CTPYKTYPY BHYTPEHHHX
OpPraHOB MAaIMEHTA, a TAK)KE€ TOYHBIM YUYET CIEKTpa MEPBUYHOTO M3IYUYEHUS U €T0
U3MEHCHHS B TIPOIiecce MOArOTOBKHY Mydka [1].

[lenbto paboThI siBsieTCs pacyeT meTonaoM MouTe-Kapiio xapakTepucTuk
AJIEKTPOHHOTO ITy4YKa MEIULMHCKOTO JUHEUHOTO YCKOPUTENSA C YYETOM THUIIOBOU
cxeMbl (GOPMUPOBAHUS MTyUKa.

bbpun mocTaBieHbl CAEAYIONINE 3a1a4H:

1. Paccuutarb CHEKTPHl DJJIEKTPOHHOTO IIydka B TMPOLECCE €ro

dbopMHUpOBaHUSL.
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2. Tloctpouth pacmpenesneHne IIJIOTHOCTH DJJIEKTPOHHOTO TIydykKa Ha
MOBEPXHOCTH (haHTOMA TI0CIIE TIPOXOKIEHHUS BCE CUCTeMbl ((OPMHUPOBAHUS ITyYKA.

3. Paccumrarh rimyOMHHOE pacipeneseHre A03bl AJICKTPOHHOTO IyYkKa B
BOAHOM (paHTOME, TIPH TPOXOKICHUHU BCEH CUCTEMBI ()OPMHUPOBAHUS ITyYKa.

4.  OnpenenuTh PHEPTUIO MEPBUYHOTO MYyYKa YCKOPEHHBIX AJIEKTPOHOB,
IpH KOTOPOM HMEET MECTO COBMAJCHHE PACUETHBIX M SKCIICPUMEHTAIBHBIX
pacnpeneneHui TITyOMHHBIX J103.

5. PaccumTarh MIOCKMN UCTOYHUK WU TIIYOMHHOE paclpeicsieHue 03bI
AJIEKTPOHHOTO TTyYKa B BOJAHOM (DAHTOME C UCIOJIb30BAHUEM ATOTO HCTOYHHUKA.

6. OmneHUThr YMCHBIICHHE BPEMEHH pacuyeTa ¢ HCIOJIb30BaHHEM

IINTIOCKOT'O UICTOYHHKA.

15



1. O030p JuTepaTypsl o TeMe
1.1 DnexrpoHHas Tepamnus

DNeKTpoHHas Tepanusi — JIEYEHUE ITOTOKOM 3JIEKTPOHOB, KOTOpPBIE
YCKOPEHBI 0 OonbImX SHepruid [2]. B 31eKTpoHHOW Tepamuu MCHOJIB3YIOTCS
OeTaTpoH W JIMHEWHbIE yckoputenu. Ha maHHBIA MOMEHT, OJIMH W3 OCHOBHBIX
METO/I0B 00JTyUEHHUs 3JI0KaYECTBEHHBIX HOBOOOPA30BaHUI — 3TO JIydueBasi Teparus
IIy4YKaMH 3JIEKTPOHOB. [IpenmyinecTBa NIpuMEHEHUS AIEKTPOHOB B PaIuOTEPAIIUU
00yCIIOBJIEHBI OCOOCHHOCTSIMH UX B3aMMOJICUCTBUS CO CPEAON U 3aKIIOYAIOTCS B
OoJbIIe OJMHOPOJHOCTH J03bl B 00bEME Ouara M MEHbBIIEM YPOBHE J030BOM
Harpy3kd B OKPYKAIOIIUX MU TIyOOKO 3aJeralmlliuX HOPMAJIbHBIX TKaHSIX, 4YTO
o0ecrieunBaeTcs BBICOKUM TPAJMEHTOM J03bl B IONEPEYHOM M MPOJOJIBLHOM
HAaIpPABJICHUAX PACHPOCTpaHEHUs Itydyka. [Ipu 3TOM nocturaercss OCHOBHasl LIEJIb
Jy4eBOM TEpallMl — MAaKCHMAaJIbHOE ITOPaKEHUE OIyXOJICBOM TKaHU IpH
MUHUMU3AIUU BO3JICUCTBHS HA HOPMAJIbHYIO TKaHb [1].

CoBpeMEHHBIE YCTAaHOBKHM ITO3BOJIIIOT IOJIY4YaTh JJIEKTPOHBI PA3TUYHBIX
3Hepruil. B 3aBUCHUMOCTHM OT JOKanM3alMM MaTOJIOIMYECKOro 00pa3oBaHuUs
MPOBOJIAT 00TyUeHHUsI dJIEKTPOHAMHU € dHeprusimu ot 1,5 1o 20 M»aB.

DNeKTpoHbl ¢ 3Heprusmu ot 1,5 go 4,0 MsB npumenstorcs B jaeueHun
MOBEPXHOCTHBIX HOBOOOpa3zoBaHui. B ngepmaTonmornyeckod mpakTUKE MpU
HEO0OXOJAMMOCTH BO3JIEHCTBOBATh HAa OOJIbLINE MOBEPXHOCTH TeJla ONPEEICHHOE
3HaUE€HUE MNPUOOpPENT METOJ MOABMXKHOW 3JIEKTPOHHOW Tepanuu (TepeIBHKHON
CTOJI, Ha KOTOPOM pAaCIOJIOKEH TOPU30HTAJIBHO IIAl[UEHT, IIEPEIBUIAcTCA B
HaIpaBJeHUW JUIMHHOM OCU Tena). bnaromaps pe3koMy OrpaHMYEHMIO Iy4dKa
AJIEKTPOHOB M0 TNTyOWHE AJIEKTPOHHON Tepamnuy MO3BOJSAET IAAUTh MOJyIekKaIIue
TKaHHU TPU OOJTyICHHH.

IIyukn snextpoHoB ¢ »HeprusMu ot 10 mo 20 M»sB wucnons3yror B
OCHOBHOM JUIsI JICYEHUs pakKa IIEWKH MAaTKH, JIETKOTO W BHYTPHUYEPEIHBIX

TOOPOKAYECTBEHHBIX M 3JI0KAYECTBEHHBIX HOBOOOPA30BaHUN TIIMAIBHOTO psa.
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[IpumensitoT 7036, OOBIYHO HCIOJIb3yEMblE B  MpaKTUKe TramMma- u
pEHTreHoTepanuu [2].

DJIEKTPOHHOE M3JTyYECHHE OTHOCHUTCS K KOPHYCKYJISIPHBIM BHIAM HApsIy C
U3Jy4eHHEM HEUTPOHOB M NPOTOHOB. OJHAKO MPOTOHBI B JIyYEBOW Tepanuu
UCIIOJIB3YIOTCSl 3HAUUTEIHHO MeHbIIEe. OOBICHUTH 3TO MOXKHO JOCTAaTOYHO MPOCTO,
YCKOPUTENN ISl TOJy4EHUs MPOTOHOB TPOMO3JKH, 3HAYUTEIBHO CJOKHBI B
JKCIUTyaTallMi, a TAaKKE€ OHU JOCTAaTOYHO Joporue. COBpEMEHHbBIE YCKOPUTEIU
AIEKTPOHOB %, HAIPOTUB, OTHOCUTEIBHO MPOCTHI KaK B MPOU3BOACTBE, TaK U B
DKCIUTyaTanuu. A eni€ uX NperuMyIIeCTBO 3aKI0YaeTCs B TOM, YTO OHHU ITO3BOJISIIOT
ITOJTYYaTh ITyYKH TOCTaTOYHO BBICOKMX JHEPTUM.

K nocromHCTBaM MEIUIMHCKHUX 3JEKTPOHHBIX YCKOPUTEJIEH OTHECEM U TO,
YTO HA HUX MOXHO IIOJYYHTh LENBIA PSAJ IMYYKOB DJIEKTPOHOB C Pa3IMYHBIMU
sHepruaMu. Kpome TOoro, moArotoBKa YCKOPUTENS I MEPEXona OT OJHOU
DHEPIUU 3JIEKTPOHOB K JPYrodl 3aHUMAET CUUTAHHBIE CEKYHJBl. JTO IO3BOJISET
KOMOMHUpPOBaTh B OJHOM JieueOHOW TMpoleaype cpa3y HECKOJIbKO MoJiel
00JTy4eHUs 3JIEKTPOHAMH Pa3HbBIX dHEPruit [3].

DHeprusi U3Iy4YEHHs] W IUIOTHOCTH MOTJIOIIAIOIIET0 BEIIECTBA BIMSIOT HA
IPOHUKAIOIIYI0 CIIOCOOHOCTh JJIEKTPOHOB, KOTOpas y HHUX He Benuka. l[lpu
IIPOXOXKIAEHUN Yepe3 BELICCTBO DJIEKTPOHBI BCJIEACTBHE CBOEH MAajOW MaccChbl
MOJIBEPTalOTCsl PACCESIHUIO, KOTOPOE MOBBIIIAETCS C YBEJIMYEHUEM TIIyOMHBI. JTO
ONpeeIAeT IPUMEHEHHUE IEKTPOHOB TOJIBKO VIS IOBEPXHOCTHO PACIIOIOKEHHBIX
OITyXOJIEN.

Ha ceroansiiiauii 1eHb 3JIEKTPOHBI ABISIOTCS MPAKTUYECKU €TMHCTBEHHBIM
BUJIOM U3JIYYCHUS, HUCIOIb3YEMBIM TMIPU CIECIHAIBHOM METOJe OOJIydeHus,
KOTOPBIW MTPUMEHSETCS IJIsl CIIOKHOU '€OMETPUU — MHTPAOIIEPALIMOHHOM JIy4EBOU
tepanuu (MOJIT) B nuctantinonnoM BapuanTte [3]. CylIHOCTh METOIUKH CBOJIUTCS
K TIOJBEJCHUIO BBICOKOJIO3HOTO HOHMU3UPYIOLIETO W3JIy4YEHUs B IMPOLECCE
XAPYPTUYECKOTO JICUEHUS UMEHHO Ha MECTO, IJIe HaXOAWIACh ONMYyXOJIb, 4 TAKKE
Ha 30HBI pucka pa3putus peuuansa. [Ipenmymectso MOJIT — 310 BO3MOKHOCTS €

MaKCUMaJIbHOW TOYHOCTHIO, Y3KOHAMPABIEHHO TOJBECTH HEOOXOANMYIO 103y
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paIuaIMOHHOTO U3JTYYCHHUS K OIyXOJIH, IIPU ITOM MPHICKAIIE OpPTaHbl M TKaHU
HE BXOJST B TOJIE BO3JCHCTBUS pPaJHallMU, MOITOMY CHHYKAETCS BO3MOXKHOCTB
pa3BUTHs JIy4eBbIX peakiuil. JleueHne NPOU3BOAMTCA IPH TIOMOIIM 30HJA,
KOTOPBIN BBOJUTCS HETIOCPEICTBEHHO B OMEpaIlMOHHOE HoJie [4].

[IpensTcTBOBAaTH BHEAPEHHUIO TAHHOTO METOJa B MEIUIIMHCKYIO MPAKTHKY
MOJKET HEIOCTAaTOYHasi ero JO3MMETPUYECKOro o0OcHOBaHHWA. Tak, Hampumep,
NPEIMETOM TOCTOSHHBIX IUCKYCCHH SIBISIETCSI BBIOOP SHEPTHU DJIEKTPOHHOTO
ny4ka, HanOoJsiee afeKBAaTHOM LENSAM HHTPAONEPAIIIOHHOTO OOJydeHHs, a TaKxkKe
cnoco6oB dopmupoBanusa noneit oomyuenus. [lepcnextussl npumenenuss MOJIT
CBSI3aHBI C COBEPIICHCTBOBAHUEM TEXHUYECKOTO OCHAIIEHUS, B TIEPBYIO OYEepeab C

HCIIOJIb30BaHNEM MOOMIIBHBIX yCKOpHUTeeh [4].

Pucynok 1.1 — Onexrponnsiit yckopurens MOJIT (NOVAC 7) Bo
BpeMs TUITMYHON MPOLETypbl

-,

1.2 Cxema popmMupoBaHUs JIEKTPOHHOTO MyUYKa KIMHUYECKOTO JTMHEHHOTO
YCKOPUTEIS

CoBpemeHHbIe anmnapaThl 1Jis JUCTaHIIMOHHOW JTy4eBOM Tepanuu MydyKaMu
3JIEKTPOHOB MPEJICTABIISIIOT COOOM JIMHEMHBIE YCKOPUTENH S-/Iharna3oHa 4yactoT (2-
4 ITu) [1]. dopma pacnpenenaeHus TMOTJIOMICHHOW J103bl, IOJIy4aeMoro B
TEpPaneBTUYECKOM DJJIEKTPOHHOM ITyYKe, OOBIYHO 3aBUCUT OT KOHCTPYKTHUBHBIX
napamMeTpoB KOHKPETHOTO TEepalieBTHUECKOro arapaTta HaMHOro OoJiblle, YeM B

ciydyae (QOTOHHOrO Iydka. Beap 3yeKTpoHbl ropas3go Oousblie, 4eM (OTOHbI
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pPaccenBarOTCsl U TEPSIIOT 3HEPrUIO, B3aHUMOJEHCTBYS C MaTepuajaMud Ha CBOEM
nytd [5]. V pa3HbIX NpPOU3BOAMTENEH amnmapaToB, HECMOTPSI Ha HEKOTOpbIC
paznuuus B JAM3aiiHE amnmaparoB, HAIpUMeEp, TaKHE€ KaK HCIIOJIb30BAHUE
YCKOPSAIOIIUX CTPYKTYp Ha crosiuer (¢ momymmpuHoir 10%) wmnm Oerymieit (c
noJylupuHON 5%) BOJHE, AU3aliH MAarHeTpoHa WM KIMCTPOHA, Pa3iuyus B
KOHCTPYKLUSAX MOBOPOTHBIX MAarHUTOB B CUCTEME TPAHCHOPTHPOBKU ITy4yKa, BCE
anmaparbl MMEIOT TEpPaleBTHYECKYI0 TOJIOBKY, COCTOSLIYI0 M3 psAda BaKHBIX
4acTel, CBA3aHHBIX ¢ (POPMUPOBAHKEM, KOJUTUMALIMEN U KOHTPOJIEM ITyuKa [6, 7].
Ha pucynke 1.2 wu3o0paxenHa tumoBas cxeMa (HOPMUPOBAHUS

QJICKTPOHHOTI'O ITy4Ka.

Pucynok 1.2 — TunoBast cxema popMHpPOBaHUS JIEKTPOHHOTO MTy4YKa
1 — yckopurenb; 2 — BHYTPEHHUH IMy90K YCKOPHUTENS; 3 — JINH3EI; 4 — IIOBOPOTHEI MarHMT;

5 — MCXOJHBIH AMEKTPOHHBIN IMY4O0K; 6 — BAKyyMHOE OKHO; 7 — IIEpBUYHAs paccerBaromas Goibra;
8 — mepBUUHBIN KOJUIIUMATOP; 9 — BTopuuHas paccenBaromas ¢oinsra; 10 — mpoxogHbsle MOHUTOPBI;
11 — 3epkano; 12 — xouMuMaTopsl GOTOHHOTO My4Ka; 13 — KOJTUMATOPBI JIEKTPOHHOTO ITyYKa;
14 — o6nacTh KOJUIMMUPOBAHUS; 15 — TeoMeTpUiecKre rpaHuIIbl ITy4Ka; 16 — U30LEeHTD;

17 — moBepxXHOCTH MAIMEHTA.

PaccMOTpuM, HENMOCPEICTBEHHO, TEPANEBTUYECKYIO TOJIOBKY JIMHEHHOIrO
MEIUIMHCKOTO YCKOPHUTENS, KOTOpash COCTOMT H3: (DOJIBI'M BBIBOJHOTO OKHA
BaKyyMHOW KaMepbl; pacCeuMBalOmMN  (OJBIH; MEPBOTO  HEMOABMKHOTO
KOJUIUMATOpa; JABYX HOHM3ALMOHHBIX Kamep; BTOPOM pacceuBaromieil (oJbru;

MOABHUIKHOTO KOJIJIMMATOpaA,; allllJIMKaTOPOB.
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Knaccuueckast cxema  (QOpMHpOBaHUS ~ TEPaNeBTUYECKOTO  IMydyKa
AIIGKTPOHOB COBPEMEHHBIX MEIUIIMHCKUX YCKOpPHUTENEeH TMpeACTaBlIseT CcoO0M
couetaHue QUIBTPYIOMUX (POJIBI U KOJTTUMHUPYIOIIMX YCTPOUCTB. DIIEKTPOHHBIM
IIyYOK BBIXOJUT M3 YCKOPUTEIBHOM CHUCTEMbl MEIWLHMHCKUX anapaToB B BHJE
y3KOro My4Ka, 3aTeM OH MPOXOAUT Yepe3 CUCTEMY (OPMHUPOBAHUS, COCTOSIIYIO U3
nByx ¢oner. Ha mepBoil paccemBaromiedt (ospre y3KHMl 2JICKTPOHHBIM ITYy4YOK
mpeBpamaercss B - pacxonsmuicsa. Brtopas  dosbra, Tak — Ha3bpIBaEMbIN
BBIPABHUBAIOMIMKA (UIIBTP, UCHOJb3YETCA JIA CO3JaHUS OJAHOPOIHOIO Mpous
y4yKa 3JeKTPOHOB. bombIoe pacnpocTpaneHue moayqdmin (oiabru u3 MaTepraioB
¢ OOJIBIIIMM aTOMHBIM HOMEPOM, TaK KaK HMEHHO OHU CIIOCOOCTBYIOT MOBBIILIEHUIO
PAaBHOMEPHOCTH IIydykKa. B KOJJIMMaLMOHHYIO CHCTEMY YCKOPUTEIS BXOAAT
NEPBUYHBIA U BTOPUYHBIA KOJUIMMATOPBI, OCHOBHASI (DYHKIIMSI KOTOPBIX COCTOMUT B
OTpaHUYECHHH Pa3MEPOB CIVIAXKEHHOI'O AIEKTPOHHOTO IYYKa, a CIEAOBATENIbHO, B
3alIUTe OT 00JIydeHHUsl TKaHel, Haxoaa1uxcs BHe 00béMa muienu [1,5].

OrpannyeHuss Ha KOHCTPYKIMIO KOJUIMMAUMOHHOW CHCTEMBI JUHEWHOIO
MEIULIMHCKOIO YCKOPHUTENS, CBS3aHHBIE C Pa3MEPOM U BECOM TEpaIlleBTUYECKOU
TOJIOBKM amnmapara, NPUBEIHU K IMOSBJICHUIO JOMOJHUTEIBHBIX ANIUIMKATOPOB IS
dbopmupoBanus moneit  obmydenus. [IpumeHeHwe TOMOOHBIX  YCTPOMCTB,
(UKCHPOBAHHBIX MO pa3Mepy MO U MPEACTABIAIOMIUX COOOM MeTauInyecKue
IJIACTUHBI WJIU TYOYCBI, IBIISIETCA «30J10ThIM cTaHAapTomy. [lepeanuii kpail Takoro
anIUIMKaTOpa HAaxOIWUTCS HA PAacCTOSHUM 5 CM OT IIOBEPXHOCTH IIallMEHTA B
r€OMETPUHU, TJE€ CTAaHJAPTHOE PACCTOSHHE HWCTOYHUK-TIOBEepXHOCTh (PUII)
coctasisier 100 cMm, 4TO MO3BOJISIET U30€KATh YIIMPEHHS MydKa 3JIEKTPOHOB MPHU
paccessHUM Ha BO3AyX€ M JOCTAaBUTh K MNAIUEHTY I0Jie OOJy4eHUs CTPOro

3aJlaHHOM (opmel [1].
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2. Pacuer XapakTepUCTHK 3JI€KTPOHHOTO MNy4YKa MeIUINHCKOTO
JIMHEMHOT0 YCKOPHUTEJIsI

2.1 MonenupoBanue MmetooM Monte-Kapio

Meton Monte-Kapno Ha cerogHsmHuii A€Hb JOCTATOYHO OOIIMPHO
MPUMEHSIETCS TIPU PEIISHUH IITUPOKOTO CHEKTpa 3a/1a4d B 00JIaCTU MOJCIUPOBAHUS
MIPOIIECCOB B3aUMOJACHCTBUA HOHU3UPYIOIIETO HW3JIYy4Y€HUS C BEIIECTBOM, OT
pacueTra JA030BbIX HArpy30K B 00JaCTH SAEPHON MEAUIMHBI, 10 MOACIUPOBAHUS
MIPOIIECCOB, M3yYaeMbIX B (hU3UKE BHICOKUX dHepruii. Meton Monte-Kapio moxer
OBITh MCMOJIb30BaH JIsl OMHCAHUA JI0OOr0 METOJ1a, KOTOPBIM anmpOKCUMUPYET
pelIeHrs KOJIMYECTBEHHBIX 3a/1a4 ¢ TOMOIIbIO CTATUCTUYECKON BBIOOPKU. [[aHHbBIN
METOJI CUUTAeTCs HaumboJiee TOYHBIM METOJOM pacyeTa J03bl NpHU JTyuyeBOU
tepanuu. J[JIS TOJHOrO MOJACIUPOBAHUS JIMHEMHOTO YCKOpUTENs: TpelOyeTcs,
4yTOOBI M3TOTOBJICHHAs HMHQOpMAallds OXBaThiBaJla BCE JaHHBIC, HO HEKOTOpbIE
JTAaHHBIE, TaKUE KaK TEPBUYHAS DHEPTUs SJICKTPOHOB, JTOJDKHBI OBITH yKa3aHbI.
YucieHHoe MOJIETMPOBAHUE TPOIIECCOB TEpPEeHOCAa M3IYUYCHHH  SIBISIETCS
MPEIU3UOHHBIM METOJIOM pacyeTa, ero paboTocrnocoOHOCTh TPOJIEMOHCTPUPOBAHA
B 3HAYUTEIBLHOM 4ucie myonukanui [1, §].

st paGoThl C  BBICOKOIHEPTETHYECKUMHU  DJIEKTPOHHBIMH  ITyYKaMH
HEOOXOJMMO 3HAYUTEIFHO XOPOIIO MOHMMATh XapaKTep WX B3aUMOJICUCTBHS CO
Cpeloi pacpocTpaHeHHUsl. 3/1eCh U HAIILIM CBOE IIUPOKOE MPUMEHEHUE PaCUETHBIE
METOJbl, KOTOPbIE B CBOK OYEpEIb IO3BOJIAIOT OLICHUBATH paCIpeeiICHUE
JI030BBIX MOJIEH, UCCIEN0BATh MOJAX0bI K (POPMUPOBAHUIO TMOJIEW HEMPABUIBHOM
(GbopMBI CO CIOXKHBIM TIpoduIeM, a TakKe pa3padaThiBaTh U UCIBITHIBATH HOBBIC
Y3JIbl YCKOPUTEIIEH.

B Hacrtosiiiee Bpemsi MpelcTaBieH PsJi OCHOBHBIX CEMEWCTB KOJOB Ha
ocHoBe MmeToaa Mourte-Kapno, KoTopbie AOCTATOYHO IIMPOKO HCIOIB3YIOTCS U
CUMTAIOTCSI  ATAJOHHBIMU  JUIi ~ MOJEIMPOBAHUA  MPOLIECCOB  MEpeHoca
nonusupyrommx usznydennit B BemectBe: ETRAN (ITS), EGSnrc, MCNP,
PENELOPE u GEANT4. Ho npaHHble KOJbl 3a4acTyld MOTYT MPHUBECTH K

BO3HUKHOBEHUIO HEKOTOPBIX OTKJIIOHEHHUH OT PEajJbHOM KapTUHBL. ITO IPOUCXOIUT
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U3-3a PA3NIUYHOTO MPUOIMKEHUS U aJTOPUTMOB, UCIIOJIb3YyEMbIE B JAHHBIX KOJAAX,
YTO M TMpHUBEAeT K omuOke B pacuerax. Kak crmeactBue, mpu U3y4eHUU
BO3MOKHOCTH TPUMEHEHHUS JI000ro MPOrpaMMHOTO IaKeTa HEOOXOIUMO Kak
YUHUTBIBATh CYLIECTBYIOIIME OIPAHUYEHUSA, TAaK W aHAJIUM3UPOBATH TOYHOCTH
pacyeTroB, HampUMEP, B CPABHEHHH C SKCIEPUMEHTAIbHBIMM JAHHBIMHA WIH
ATaJIOHHBIMM pacyeTami [1].

Jlnsg mpakTHueckoro mnpuMeHeHusi metoga Monte-Kapno neoOxomumo
MOCTPOUTH TE€OMETPHUIO0 (DOPMUPOBAHMS TEPANIEBTUUECKOTO AJIEKTPOHHOIO IMY4Ka,
CIIOCOOHYIO TPOTHO3MPOBATH paclpeneieHue 036l B 00BEME TMOTIOTUTES,
OCHOBBIBAsACh HAa JSKCIEPUMEHTAIIBHO IIOJYYEHHBIX AaHHbIX. Ha pucynke 2.1
IpUBEEHAa BCsA TeoMeTpus (OpMHpOBaHMS IydKa, KOTOpas pacCUUThIBAJIaCh
MetogoM Monte-Kapio. JlanHas reometpusi coctosiia u3: (OJBIHM BBIBOJHOIO
OKHA BaKyyMHOH KaMepbl, KOTOpasi ObUIa BBHIMIOJIHEHA W3 11 pazMepaMu 55 MKM;
pacceuBarommii  gonbru w3 Pb pasmepom 20 MKM; MEpBOr0 HEMOIBHKHOTO
KOJUTMMATOpa; JBYX HWOHHW3AIMOHHBIX KaMep, CTEHKH KOTOpbix 3 Al; BTopoii

pacceHBa}omeﬁ (bOJ'IBFI/I; IMOABMIKHOI'O KOJUIMMATOpPAa U3 W; AIlININKaTOPOB.
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Pucynok 2.1 — I'eometpus popmupoBaHus Mydka, KOTOpas UCIOJIb30BAIACh JIJIs
pacueta merogoM Monre-Kapio
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Ha pucynke 2.2 npuBeaeHa Ta ke TeoMeTpusi (pOPMUPOBAHUS IMyUKa, KOTOpas
paccuuTsiBasIachk MeToIoM MoHTe-Kapiio, HO y’ke MOCTPOEHHAs, HEOCPEACTBEHHO,

B iporpamme PCLab, B koTopoit 1 mpoBoIMIIOCH MOJICTUPOBAHUE.

=L p

Pucynok 2.2 — I'eometpust opMUpOBaHUs MydKa, paccunTanHas B mporpamme PCLab

2.2 TIporpamma PCLab «KommbroTepHas madbopaTopusi»

Pacuer nposoauics B mporpamme PCLab «KommbrotepHas 1abopatopusiy.
[Tporpamma PCLab no3Bossier MmoaenupoBath MeroioM Monte-Kapio mpoueccsl
nepeHoca MOHM3Upylollero usiaydenus B cpene. [Iporpamma PCLab mo3Bossier
noJiy4aThb Kak MHTErpajbHble, Tak © Ju(depeHinanbHble Pe3yIbTaThl
B3aUMOJIEUCTBUS (POTOHOB U 3apSKEHHBIX YACTHUI, B TOM YHCIIE M pacipeeseHus
MOTJIOIIEHHOM SHEPTHH U J103bI B BellecTBe [9].

[Ipyu MoaenupoBaHUU 1Sl SEKTPOHOB U MO3UTPOHOB YUUTHIBAIOTCS THUIIBI
B3aMMOJICUCTBUI 4YaCTUIl TaKue, Kak 3>PQPEKT aHHUTUISAUMU Uil TO3UTPOHOB,
MOHU3AIMOHHBIE CTOJIKHOBEHUS, TOPMO3HOE M3JIYyYEHHE; MPU MOACIUPOBAHUU TSI
dboToHOB — »3ddexkT o0pa3oBaHUA BIEKTPOHHO-NO3UTPOHHBIX Nap, 3dQext
KomnTona, ¢hororddext; ajisi MpOTOHOB — YINPYrue W HEYNPyrue KyJIOHOBCKHE
CTOJIKHOBEHHMSI, HE YUYUTBHIBAIOTCA SIAEpPHBbIE B3auMoOJeWcTBUS. PacmpocTpaneHue
U3JTy4eHHUs] HOCUT Kackaaublil xapakrtep. IloctpoeHue TpaekTopuii (POTOHOB
MPOBOJUTCS B MOJICTTM WHIUBUAYyAIbHBIX CTOJKHOBEeHHH. JlaHHbIe paboThr [10]
UCIIOJIB3YIOTCS. B KAyeCcTBE TMOJHBIX CEUYEHHUH B3aUMOJCHCTBUS (HOTOHOB C

BellecTBOM Juisi sHepruil yactun MmeHee 100 M»sB. Iloctpoenue TpaekTopuid
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3apSKEHHBIX YacTUL (3JEKTPOHOB, IO3UTPOHOB M MPOTOHOB) MPOBOAUTCS B
MOJIEJIM TPYIIUPOBKH MAalbIX Iepenayd >HEePruu. YUHUTHIBAIOTCA (IyKTyaluwu,
NOTepb HHEPrUM YacTHUI[ B JAJCKUX CTOJIKHOBEHHUAX, TaK e (IyKTyaruu
IIPOJOJIBHBIX M MONEPEYHBIX CMELIEHUW, KOTOPBIE BO3HHMKAIOT B PE3YJIbTaTE
paccesiaus [9].

UucneHHoe MOAENIUPOBAHUE PACIPEAEICHUS J03bl MTyYKOB SJEKTPOHOB B
BOJHOM (paHTOME C HCTOib30BaHueM mporpammMel PCLab npoBoamiiocs B pexxume
PHANTOM. Pexum MO3BOJSIET pacCUUTBIBATH TPEXMEPHOE paCHpENECICHUE
MOTJIONICHHON SHEPTUU B 3aJlaHHOM 00beMe, CIEeKTp HaJeTalolUX YacTHll, a
TaKX€ y4e€CTh MAarHUTHOE U JIEKTPUYECKOE OIS P MOJAETMPOBaHNN. Bo3MoxkeH
pacdyer Kak 3aJady MEIUMLUMHCKONM (U3MKU C YYETOM pEaJbHOW TI'eOMEeTpUU
JUCTAaHIMOHHOTO OOJydeHHs] Iy4YKaMu BJIEKTPOHOB, HEHUTPOHOB, (POTOHOB U
MPOTOHOB, TaK W JJISi IPYTUX PEKUMOB OOJIYUYEHHS, HE CBS3aHHBIX C 3ajJadyaMu
JTy4eBoil Tepanuu [9].

OTnnuntensHas oco0eHHOCTh nporpammbl PCLab — ynporniennas cucrema
BBOJIa JAHHBIX T'€OMETPUU SKCIEPUMEHTa, HE TpeOyromas 3HAaHUSA S3bIKOB
IIPOrPAMMUPOBAHHUSI, YTO [EJIAeT IMPOrpaMMy JOCTYIHOM WIMPOKOMY KpYTy
nosib3oBarenel. OpHako, NPOBEJCHHE YHCIEHHOTO MOJEIUPOBaHUs Tpedyer
JIOCTATOYHO BBICOKHX NMPOU3BOAUTENBHBIX MOIIHOCTENM KOMIBIOTEPA. Pe3ynbrarsl
MOJIEJIMPOBAHUS OTOOPAXAIOTCSl B OHJIAWH peXUME Ha KpaHe MOHUTOPA MO3BOJISSA
IIPOBOJAUTH KOPPEKTUPOBKY BXOJHBIX JAHHBIX Ha IMEPBOHAYAIIBHOM JTAIle pPACcUeTa,
YTO MO3BOJISIET TOPa30 ObICTPEE BBHIMOJIHUTH MPOLECC OTIAAAKU Moaenu [1].

2.3 ITlocnenoBarenbHbI pacyeT CIIEKTpa paclpOCTPaHEHHs! HJIEKTPOHHOTO
IIy4Ka MEIUIIMHCKOTO JIMHEMHOTO YCKOPUTEIS

st Hadanma pacuera MmerogoMm Monte-Kapno HyxHO mogoOpath u
chopMHpOBaTh MY4YOK, TO €CTh CO3[aTh PABHOMEPHBIM My4OK IO IJIOIIA[IH,
KOTOpbIM U OyzaeT nmajgaTh Ha BOJHBIN GaHTOM. [IepBUYHBIM UCTOYHUKOM SIBIISLIICS
CHEKTp JIMHEHMHOTO MEIUIIMHCKOrO YCKOPHUTENS Ha SHepruto 6 M»nB, Kpyriblii
nydyok auamerpoM 4 mMm. C tunuuHod noxymupuHoil 10% (cTosiuast BoiHA) C

HOPMAaJIbHBIM pacnpenenenueM. CpeHss SHeprusl 1 HanOoJiee BEPOSATHASI DHEPTUS
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COBIAJAIOT B JIaHHOM clly4ae U paBHst0TCs 6 Ma3B. Ha pucynke 2.3 npeacrasieH

CHEKTP IEKTPOHOB, MAJAIOIINKA HA (OJIBIY BEIBOJHOTO OKHA BaKYyMHOU KaMepBhl.
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)—J

; ,

5 5.2 5.4 5.6 5.8

6 6.2 6.4 6.6 6.8 7
E, MbsB

Pucynok 2.3 — CriekTp 371€KTpOHOB, Nalaloliuii Ha (poIbry BBIBOAHOI'O OKHA
BaKyyMHOH kamepsbl. Ex=<E>=6 M»B; I'= 0,6 M>B

CHauana paccMaTpUBaIACh 3aBUCUMOCTD CIIEKTPAJIbHOM COCTABIIAIOLICH OT
BO31yxa. B 3TOM citydae, 31eKTpOHHBIN Ty4OK MPOXOAWI (POIbry BBIBOJHOTO OKHA
BaKyyMHOH kamepsbl, 100 cM Bo3myxa 1 nonajan Ha (paHToM.

" 6 M»B

1 P\

/

0.01

N(E), amextpor/MaB

0.001

0.0001 L L L L
0.6 1.2 1.8 2.4 3 3.6 4.2 4.8 5.4 6 6.6 7.2

E, M»B

Pucynok 2.4 — CriekTp 31eKTPOHOB, BBIXOAAIIUX U3 (DOTBTY BEIBOJHOTO OKHA
BakyyMmHo#U Kamepsl (Ti, 55mMkm). Ez=5,93 M»sB; <E>=5,9 MaB

N3 pucynka 2.4 3amedaeM, 4TO MOSIBUWIOCh MHOTO HHM3KOIHEPre€TUUYECKUX
AJIEKTPOHOB, KOTOPBIE COXPAHSUIMCh HA BCEM MYTH JICKTPOHHOTO MyYKa U BIUSIINA

Ha BEJIMYHUHY MTOBEPXHOCTHOM 103bl. CpeaHsis 3Heprusi ymenbiuiach Ha 1,7 %.
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PI/ICYHOK 2.5 - PacnpeneneHI/Ie IIJIOTHOCTH 3JICKTPOHOB, IMaJar0IIUX Ha ITOBEPXHOCTDH
BOJHOI'O q)aHTOMa, IMOCJIC MPOXOKACHUA BEIBOJHOI'O OKHA U BO31yXa

N3 pucynka 2.5 BUAHO, YTO dIEKTPOHHBIN IYy4YOK, IPOM/S Yepe3 BO3AYyX HE
CO3JaCT PAaBHOMEPHOIO  pAcHpeleleHus, a d3TO0 3HA4UT, YTO HY¥KHO
BOCIIOJIb30BATbCA  JIOIIOJIHUTEIBHBIM  IIOCTPOCHUEM, a HWMEHHO: II0CTaBUTh
JIOTIOJTHUTEbHBIE (POJBTU IS YIIMPEHUST TePANEeBTUUYECKOTO IMy4YKa JIEKTPOHOB;
KOJIJIUMATOPBHI, KOTOPBIE IIO3BOJIAIOT dbopmMupoBathb HEOOXOUMbIE
TEpANEBTUYECKHUE TOJSA; METAUIMYECKHE ANIUIMKATOPBI, KOTOPBIE IO3BOJISIIOT
CHU3WTH BKJIAJ PACCESHUS DJIEKTPOHOB HA BO3YX.

Hanpmie B JaHHOM  paboTe  MOCIENOBAaTENbHO  PACCUMTHIBAJIOCH
CIEKTPAJbHOE  pACHpENENICHUE DJJIEKTPOHOB M IMOTEPU DHEPrUM  IOCIe
IIPOXOXKIEHUS COOTBETCTBYIOLINX YCTPOUCTB OATOTOBKH ITy4Ka.

Ha pucyHke 2.6 mnpencraBlieH CHEKTpP 3JEKTPOHOB, IIOCIE IEPBOU
pacceuBaronieil (ponbru, U3 KOTOPOro CIEAyeT, YTO CPEIHSSA SHEPIHsl DJIEKTPOHOB

ymeHbpmmnach Ha 2,3%.
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Pucynok 2.6 — CriexTp 3J1eKTpOHOB, AJAAOIIUI Ha MIEPBYIO PACcCEUBAIONTYIO (DOTBTY
(Pb, 20mkmMm). Ez=5,91 M»aB; <E>=5,86 M>B
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PI/ICYHOK 27 — CHeKTp QJICKTPOHOB, BBIXOIAMUX N3 KOHUYCCKOI'O CBHUHIIOBOI'O KOJIJIMMATOpa
E.=5,91 M>B; <E>=5,81 M5B

ITocne koHHMUECKOTO KOJJIMMaTopa, CICKTPp KOTOPOro InpcacCTaBJICH Ha

PUCYHKE 2.7, CpeIHsIsl DHEPTUS JIEKTPOHOB yMEHbIINIIACH HA 3,2%.

0.07

L llll 6 M»nB

0.06

ol Y
ol !
TN,
ol Vi \
o ;—.—/! \

4.4 4.6 4.8 5 5.2 5.4 5.6 5.8 6 6.2 6.4 6.6
E, M»sB

N(E), anexrpor/MaB
I
e
.

Pucynok 2.8 — CriekTp 2/IeKTpOHOB, TaAal0MINi Ha (PaHTOM, TTOCIIE TPOXOKACHUS 2-i
pacceuBaronieit ¢ponbru 3 AbC-mnactuka. Ex=5,52 MaB; <E>=5,38 M»B
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[Tocne mpoxoxaeHus 2-X pacceuBaIOMMX (POJBI, MPEICTABICHHBIX Ha

pucCyHKe 2.8, CpeIHsIs SHEePTHsI SJIEKTPOHOB YMeHbImuaachk Ha 10,3%.

0.07

- 6 M»B
0.06 \

A
!

0.03 J

; b

I .a"f 1"1.

N(E), amexrpor/MsB
I
=

0.01

4.4 4.6 4.8 5 5.2 5.4 5.6 5.8 6 6.2 6.4 6.6
E, M»sB

Pucynok 2.9 — Criektp 311eKTpOHOB, Naaroluii Ha (paHnToM, rmocie 2-X HOHU3AIUOHHBIX
kamep Ez=5,51 M»aB; <E>=5,38 M»B
Ilocne 2-X HMOHM3ALMOHHBIX KaMmep, CIEKTP KOTOpPBIX IMPEICTaBICH Ha
pUCYHKe 2.9, CpeHsIs DHEPTUS MIEKTPOHOB yMeHbIIMIach Ha 10,2%.
Ha pucynke 2.10 mpeacrasieH CHEKTp IOCIIE BTOPOrO KOJUIMMATOpa, W3

KOTOPOTO CIEAYET, YTO CPEIHSSA DHEPTHS DJIEKTPOHOB YMEHbIIMIACH HA 9,9%.
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Pucynok 2.10 — CriekTp 371€KTpOHOB, MAAAIONINI Ha (PaHTOM, TTOCE 2-T0 TOABHUKHOTO
kosmumaropa. Ez=5,55 MaB; <E>=5,41 M»B
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Pucynok 2.11 — CrieKkTp 371€KTpOHOB, MAAAIONINI HA GAaHTOM, TIOCIIE TPOXOXKICHUS BCEil
cuctembl popMupoBaHus myuka. Bropas pacceuBaromas ¢onbra uz 4-x cinoés AbC-mnactuka.
Es=5,53 M»5B; <E>=5,3 M>B

[Tocne mpoxoxaeHuss Bced cUCTEMbl (POPMHpPOBAHUSI MydyKa CO BTOPOU
pacceuBaronieit ¢gosbroit u3 AbBC — miactuka, CIEKTp KOTOPOTO MPEICTaBICH Ha
pucynke 2.11, cpennss sneprus ymensimiachk Ha 11,7%.

[Ipeanpunsiu BTOPOM pacuer, rje BTopas pacceuBaromias (oibra ObLia
BBIIIOJIHEHA W3 AJIFOMHUHUS, C TEMH K€ I€OMETPUYECKUMHU I1apameTpaMu. bpul
MOCTPOEH CIIEKTP 3JIEKTPOHOB, KOTOPBIM MPEACTaBICH Ha pucyHKe 2.12. B 3ToM

clIy4yae CpeJHssl SHeprusi yMeHbiumnach Ha 14,8%.
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Pucynok 2.12 — CnekTp 37€KTpOHOB, MAJAIONIHii Ha (PaHTOM, TTOCTIE TIPOXOXKICHUS BCeit
cucteMbl (hopMHUpOBaHUs Iyuka. Bropas paccenBaromas ¢osbra ux 4-x cioes Al.
E:=5,4 M»sB; <E>=5,11 M»B
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J5is TOro, 4ToOBI PEMINTh KaKOM U3 PacueToB MO3BOJIUT BBIMOJIHUTH Oosee
paBHOMEpHOE 00JyueHue, ObUIM MOCTPOEHBI TpaduKU paclpeesieHus MIOTHOCTH
3JIEKTPOHOB, MaJAI0IIMX HAa MOBEPXHOCTh BOJHOTO (haHTOMA IOCIE MPOXOKICHUS

BCEl cUCTeMbI (POPMUPOBAHUS AIEKTPOHHOTO MyYKa I IBYX CIIy4aeB.
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Pucynok 2.13- Pacnipeenenue mioTHOCTH 3JE€KTPOHOB, MaJAI0UINX HA TOBEPXHOCTh
BOJIHOTO (haHTOMa, [TOCIIe MIPOXO0XKAECHUS Beel crucTeMbl (OopMHUpPOBaHUs Iydka. Bropas
paccenBaromiast Goibra u3 4-x cino€s AbC-mnacTuka.

Pucynox 2.14- PacnipeneneHnue miIoTHOCTH 3JIEKTPOHOB, MAIAIONINX HA TTIOBEPXHOCTh
BOAHOTO (haHTOMa, TIOCIIE TPOXOKICHHUS BCEH crcTeMbl JOpMUpOBaHUs yuka. Bropas
pacceunBaroras ¢onbra u3 4-x ciaoés Al.

[Tocne mpoxokaeHus: Bce TUIMOBOM cxeMbl (hOPMUPOBAHUS IJIEKTPOHHOTO

y4yKa, B KOTOPOM CTOsiIa BTopasi paccenBaroias ¢onbra us yersipex cioeB AbC-
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IUIACTUKA CPEAHSIS HEPrus 3JEKTPOHHOIrO Mmydka ymeHpummiach Ha 700 k3B. A
IpU MPOXOXKACHUM TOW K€ TUIIOBOM CXeMbl (POPMUPOBAHUS IMyYKa, HO YXKE C
Ipyroi BTOpoil paccemBaroleil (oJIbroi, KOTopas cOCTosIa M3 YETHIPEX CIIOEB
AIIOMHMHUSA, CPEAHSASA dHEPrusl yMeHbIIMIach noutu Ha 900 k3B.

IIpoanann3upoBaB IJIOTHOCTU PACIPEACIICHUN AIEKTPOHOB, MMAJA0IINX HA
NOBEPXHOCTh (paHTOMA, OBUI CHENaH BBIBOJ, YTO 0o0Jiee pPaBHOMEPHOE
pacripesielleHue COOTBETCTBYET Clly4yaro, KOIja BTOpas pacceuBarolias (oJibra
COCTOMUT U3 YETBIPEX CIIOEB AIIOMHUHMS, HO MPU ITOM TepsieTCsl OOJIbIIE CpeqHEN
HEPrUM TPU TMPOXOXKICHUH THIIOBOM CXeMbl (HOPMUPOBAHMS DIEKTPOHHOTO
my4Ka.

B nanpheiiieM, B paboTe OyAeT HUCIOIB30BAThCSI T€OMETPUS CO BTOPOU

(G 0oBroi U3 YETHIPEX CI0EB ATIOMUHUS.

2.4 OmpeneneHue TPOIEHTHON TIIYOMHHOW O3Bl IyYKa 3JCKTPOHOB B

BOJIHOM (paHTOME

JUist mpakThdeckoro npuMeHeHuss metoga Monte-Kapino HeoOxomumo
MOCTPOUTH T€OMETPHUIO0 (HOPMHUPOBAHMS TEPANIEBTUUECKOTO SJIEKTPOHHOIO IMY4Ka,
CHOCOOHYIO TMPOTHO3UPOBATH pacIpeneieHre 1036l B 00bEME MOIVIOTUTEIS,
OCHOBBIBAsICh HA DJKCIEPUMEHTAIBHO NOJYYEHHBIX HaHHBIX. J{ns Takux wenen
yIOOHO HCIOJIB30BaTh TaKyl XapaKTEPUCTUKY KaK TIIYyOMHHOE pacIpeiesieHue
JI03bl, OMNPEACICHHYIO M0 UECHTPAIBHOM OCH Iy4yKa [JI KaXJAOW SHEPruu
AIEKTPOHOB KOHKPETHOTO TEPANIEBTUUYECKOTO YCKOPUTEIIA.

['myOunHHas 103a — 3TO A03a, U3MEPEHHAs] Ha ONPEEICHHOW TITyOMHE OT
MOBEPXHOCTH OoOIydaeMoro oobekrta. OTHOIIEHWE J03bI HA TIIyOMHE K J103€ B
cBOOOIHOM BO3/yX€, BBIPQ)KEHHOE B MIPOLIEHTAaX, HA3bIBAETCSI OTHOCUTENILHOM, UITH
npoIeHTHON TiyOmHHOM no3oi. [11] KpuBas nporieHTHONM riayOMHHOM J03bI B
o0IIeM Ccitydae XapaKTepu3yeTcs CIeAYIOIUMHU apaMeTpaMu:

Ds — oTHOCHUTENbHAS TOTJIOMIEHHAS /1032 HA TOBEPXHOCTH (DaHTOMA, onpeaensercs

Ha riryoune 0,05 cMm;
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Dy — oTHOocuTEenbHAA MOTJOIIEHHASI 1032, OOYCJIOBJIEHHAsI BKJIAJOM TOPMO3HOIO
M3JIyYEHUs BO3HHUKAIOIIETO BCIEJACTBUE B3aMMOJCUCTBUS IMy4yKa SJIEKTPOHOB C
AJIEeMEHTaMH anmnapara, (GOpMHUPYIOIIUMU I0J€ OOJTy4YeHUs, U TEJOM NalMeHTa
(1711 y4KOB AJIEKTPOHOB C 3Heprusimu MeHee 10 M»sB Bkiag peHTI€HOBCKOTO
u3ydeHus cocraisieT ~3%, ¢ sneprusimu 6osee 40 MaB — >10%;
Dmax — MakcuMajbHOE 3HAYEHHE IMOTJIONICHHOW 1103k B BOJHOM (haHTOME MJis
3aJJaHHBIX MApPaMETPOB OOIy4YEeHUS (SHEPTHUs IIEKTPOHOB, PACCTOSHUE MCTOUYHUK-
MOBEPXHOCTh, pa3Mep MoJjs U T.11.)
dmax W Rigp — rayOmHa B BOAHOM (DaHTOME COOTBETCTBYIOIIAS ITOJIOKCHHIO
MaKCHUMAJIbHOTO 3HAYCHUS TOTJIOMIEHHON A03bI Dmax ;
Rt unmu Rgo — TepaneBTUYECKHUI THUAMA30H, ONpPEAesIeTcs Kak TiyOuHa 3ajeranus
90% OTHOCUTENILHOW MOTJIONIEHHON J03bI OT YPOBHS Dmax, MpencTaBisieT coOoi
00JacTh KJIMHUYECKH TIOJIE3HOW 4dYacTu mnpoduis TIyOMHHOW MJO03bI ITydKa
DIIEKTPOHOB;
Rso — raoyOuMHa, Ha KOTOPOM MaKCHUMaJbHOE 3HAYE€HHE MOIJIOLEHHON J03bl
YMEHBIIIAETCS B JIBA Pa3a;
R, — IpakTH4YecKuil AMAINa30H, ONpENessIeTcsl INIyOMHOM B TOYKE IMEpECEUEHHUs
ypoBHsS (poHa, oOmpeAenseMoro BKJIaJOM TopMo3HOTo wu3nyudeHus %Dy ¢
HKCTPATOJIAIIMOHHON TPSIMOM JIMHEWHOTO Yy4YacTKa CIaja KPUBOW TIIyOMHHOTO
pacnpeneneHus n03sl [1].

Pucynok 2.15 mimoctpupyeTr oO1uii BU KpUBOW MPOIICHTHOM TTyOMHHON
no3el  (PDD) B BOgHOM (haHTOME C  BBIIICONMCAHHBIMU — MapaMeTpaMH,

XapaKTEPU3YIOUMH My4OK JJIEKTPOHOB.
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Pucynok 2.15 — O6mmii Bua EHTPaIbHO-0CEBON MPOIICHTHOM ITYOMHHOM 103561
My4YKa JIEKTPOHOB B BOJHOM (haHTOME

WN3mepenne rayOMHHOM JO3bl JJI SHEPIUM KJIMHUYECKOrOo IydyKa
AJIEKTPOHOB TO3BOJISIET ONPEACIUTh TaKHe MapaMeTphl Kak Hanboliee BEpOsiTHAs
DPHEPrus W CpelHsAs JHeprus (paHTOMa, a TaKXKe MPAKTUYECKUM auama3oH U
IyOMHY, Ha KOTOPO MaKCUMaJIbHOE 3HAYEHHE MOTJIOEHHON A03bl YMEHBIIIAETCS
B JiBa pa3a. JlaHHbIE XapaKTEPUCTHKU IMy4YKa JIEKTPOHOB KaK pa3 M MO3BOJISIIOT
co3JaThb YHUCIEHHYI0 MOJEIb MCTOYHUKA, NPUOIMKEHHYI0 K pPEaTbHOCTH.
MeauuuHckne yCKOpUTean paboTaroT Kak Ha CTOSIYMX BOJHAX, TAK U HA OEryIluX,
MO3TOMY HCCJIEI0BAIOCh pacHpeesieHUe MPOLEHTHON INTyOMHHOM J03bI Kak Ha
SHEpruu ¢ noymupuHoun 10%, Tak 1 Ha SHEPrUu ¢ NOIYIIUPUHON 5 Y.

B pacuere ObUM UCTIOIB30BAHBI MPOIICHTHBIC TITYOUHHBIE PACTIPEICICHHUS
MOTJIOIIEHHON /03Bl My4YKa 3JEKTPOHOB B BOJHOM (PaHTOME, SKCIEPUMEHTAIBHO
nonydeHneie Ha yckoputenre ONCOR Impression Plus d¢upmer  Simens
(MockoBckast ropojickass OHKoyiorudeckas OonbHHIIa Ne62). Ha ocHoBe
WCTIOJIb30BAaHHBIX JTAHHBIX, OBLIM OMpEeNieHbl MapaMeTpbl KPUBOW MPOIICHTHOMN
TIIyOMHHOM JTO3bI ¥ SHEPTHH HA MIOBEPXHOCTHU (DaHTOMA.

[IpuBenensl pacueTsl ¢ HaYaIbHBIMH JHEPTUSMHU, TMOJ] KOTOPHIMH Oyaem
NOHUMAaTh HamOoJiee BEPOsATHYIO 3Hepruto nydka. Ha pucynke 2.16 mnpuBeneHbl
npoiieHTHbIe TyOuHHBIe 70361 aiasi PCLab, GEANT4, skcrnepuMeHTalbHbIC

nannbie yckoputeass ONCOR.
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I'my6unHast npoueHTHas no3a (PDD)

1 (KJI), 2 (GEANT4) - anekTpoHbl 6 MaB, npsiMoyroiabHbIi 50*50 MmM?2,
MOHOHAINPABJIEHHBIN yYOK, [OIEPEUYHbIE pasMepbl BOKcena 66 Mm2.
3-PDD oOT 2JIEKTPOHOB CcO cpeaHeii sHeprueii 6 M»>B u nonymmpunoii 10%
I10CJI€ IPOXO’KIACHMUSI BCell cucTteMbl nmoaroroBku mnyuka. PUIT = 100 cwm,
pasmep nosist 10%10 cm2, momnepedHble pa3sMephbl Bokcena 4*%4 mm2.

Ha noeepxHocTtu ¢panToma < E >= 5,11 MsB, Eg = 5,39 M»B.

4 - TOYKH - SKCIICPUMEHTAIBbHBIE JIaHHBIC IJISI DJICKTPOHHOI'O YCKOPHTEIIS
ONCOR ¢dupmbl Siemens ¢ HOMHHAIIBHOM 3Heprueit 6 MaB.

Pucynok 2.16 — Pacnipeaenenue npoiieHTHON TTyOUHHON 1036l
HpO&HEUIPI?;HpOB&B H CpPaBHUB pPACCUYHHUTAHHBIC MW JSKCIICPUMCHTAJIBHBLIC
nanHele B mporpamme PCLab MoxHO cka3aTh, 49TO COBHAJCHUS B JaHHBIX
pe3ynbratax He ObUI0 JIOCTUTHyTO. B Tabmuue 2.1 mpuBeneHsl MmapaMeTpbl
CpaBHCHHA IIOJYUYCHHBLIX PC3YyJIbTATOB JOKCIICPUMCHTA W MOACIHUPOBAHHUA B
nporpamme PCLab.

Tabmuna 2.1 — IlapameTpbl KpUBOM TIIyOMHHOW J03bI M 3HAYECHHS SHEPIHM HA
MOBEPXHOCTHU (haHTOMA

[TapameTpsl CpaBHEHHUS Pacuer 8 PCLab ONCOR
Rp (cm) 2,6 2.8
Epo(MaB) 54 5,8
Rso (cMm) 2,15 2,2
Eo (M>B) 5 5,1

JIJist coBMajieHnss B PACCUMTAHHBIX M DKCIEPUMEHTAIBHBIX JTAHHBIX OBLIN
MPOBEJICHBI PacueThl ¢ PA3IUYHBIMU HAYaJIbHBIMHM SHEprusiMu. JJis Hauasa, 3Has
CKOJIBKO TEpSAETCS DHEPrUM IMPU MPOXOKIECHUHU BCEH TE€OMETPHUMU SIICKTPOHHOTO

nmy4ka, ObUIa 3a/1aHa HavajabHas sHeprud 6,9 MsB ¢ nonymmpunoii 10%.
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Pucynok 2.17 — Pacnipenenenue riryOMHHOM MPOIICHTHOM JTO3HI.
Touku — 3KCIIepUMEHTAIbHBIC JAHHBbIE C HOMUHAIBHOM sHEpruei 6 MsB.
I'mcrorpamma — pacuer B PCLaD ¢ sneprueii 6,9 MaB, ¢ nonymmpunoii 10%.

N3 pucynka 2.17 3aMeTHO, 4TO TIIyOMHHOE MPOIICHTHOE pacHpe/iesICHUE
pacuera HE COBNAJIO C SKCIIEPUMEHTAIbHBIMU 3HAYCHUSMU.

Crnenyromuii pacuer IpoBOoAMWIICS ¢ 3Hepruer 6,6 MsB ¢ nonymmpunHon
10%, mpeacrtaBineHHbld Ha pucyHKe 2.18. JIOOUTHCS HYXHOTO COOTBETCTBHUS HE

yIaJI0Ch.
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Pucynok 2.18 — Pacnipenenenue riryOMHHON NPOLIEHTHOM J103bI.
Toukn — sKCIIepUMEHTaIbHbIE JAHHBIE C HOMUHAIBLHOW dHepruei 6 MaB.
T'uctorpamma — pacuer B PCLaD ¢ sneprueii 6,6 MaB, ¢ nonymmpunoit 10%.

Jlanee mpoBOOWIIMCH pacyeThl ¢ 3Hepruer 6,3 M»sB kak ¢ noaymmpuHOn

10%, Tak u ¢ monymupuHoi 5%.
y
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Pucynok 2.19 — Pacnipenenenue riryOMHHOM MPOIIEHTHON J03bI.
Touku — 3KcriepUMeHTaIbHbIE TaHHbIE C HOMMHAJIbHOW HEeprueit 6 MaB
I'mcrorpamma — pacuer B PCLaD ¢ sneprueii 6,3 MaB, ¢ monmymmpunoit 10%
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Pucynok 2.20 — Pacnipenenenue riryOMHHON MPOLIEHTHOM J103BI.
Touku — 3KcnepUMeHTalbHbIE TaHHbIE C HOMUHAJIbHOW HEeprueit 6 MaB
I'mcrorpamma — pacuer B PCLAD ¢ sueprueii 6,6 MaB, ¢ monymmpunoit 5%

N3 pucynkoB 2.19 m 2.20 3aMeTHO, YTO pachnpelereHue TIyOMHHOU
IIPOLICHTHOM JI03bI COOTBETCTBYET HKCIEPUMEHTAIBHBIM 3HAYCHUSM.

Takum 00pa3oM, ObUIO BBISIBIIEHO, YTO HOMHUHAJIbHas sHeprus 6 M»nB,
3amanHas Ha yckoputenn ONCOR, He COOTBETCTBYET HayajdbHOW HHEPTrUu
MaJeHUsl DJJIEKTpOHOB 6 M»bhB, a COOTBETCTBYET pAaCCUMTAaHHOW DSHEPrUU
YCKOpPEHHBIX 3JeKTpoHOB 6,3 M»1B. Jlasee B pacuerax OyaeT HCIOIb30BaThCSA

HaliJICHHAs! SHEPTHS YCKOPEHHBIX 3JIEKTPOHOB 6,3 MaB.
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2.5 Pacyer XapakTepHUCTUK 3JIEKTPOHOB U MPOIEHTHOM TTyOWHHOM A03bI

Ha MMOBCPXHOCTH BOJHOTO (l)aHTOMa C UCIIOJIB30BaAHUECM IIJIOCKOT'O HCTOYHHUKA

«IInockum ucrounnkom» (I1M) ycnoBHO Ha3bIBEM UCTOYHHUK JIEKTPOHOB,
KOTOPBIN (popMUpYyETCS NPHU NMEPECEUCHUH JIEKTPOHAMHU OIPEACIICHHON MIOCKON
noBepxHocTu. Pacronaraercs, kak npaBuiio, B OJIM3U 00JIydaeMOl MOBEPXHOCTH.
I[N conmepxutr B cebe XapaKTEPUCTHUKU 3JIEKTPOHOB IEPECEKAIOIIMX JaHHYIO
TIOBEPXHOCTh: 3Hepruto, X W Y KoopauHatel, Hampaeienue (Qy, Qy, Q,), Z

KoopauHaTa OaHa U Ta XKC.

Jlns  npoBemeHWss  pacdeTa  JUIA  Hadajlla  pacCUMTBIBAICS  caM
npsmoyroiibHbid [T, kOTOphIM OBLT pacnoyiokeH B 3aJaHHOM TE€OMETPUU
(GbopMHpOBaHUS TEPANIEBTUYECKOIO 3JIEKTPOHHOIO IyYKa B CJIO€ BO3/AyXa, MOCIe

PaCIIOJIOKCHUA AIlIJINKAaTOPOB. Pa3MepLI €ro 3aJaBaINCh pa3MepamMu

allIyInKaTopa.

Ha pucyske 2.21 mpencTaBlieHO CHEKTPAIBHOE  paCIpPENEIICHUE

QJICKTPOHOB B BOJHOM (baHTOMC ¢ ucnojab3oBanuem [1M.

0.021

v | N, —
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/ )
/ Y
/ Ay
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4.4 a8 5.2 5.6 6 6.4 6.8
E, MsB

N(E), snexrpor/MaB

Pucynok 2.21 — CniektpanbHOe paclpeneaeHue IEKTPOHOB, MaJaronx

na dantome (c TTH). E,=5,7 MaB; <E>=5,36 MoB

ITocie Toro, xak Obul HacuutaH [IM ¢ OONBIIMM KOJIHMYECTBOM YACTHII
(3,8*108 wucropuii), pacuer ammica Gonee 135 yacos, ObLI NPOBENEH pacyeT ¢

cienytonuii reomerpueii: [11, 5 cMm Bo3ayxa, BomHbIN (haHTOM, KOTOPBIN JAyHAics 9

4qacCoB.
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Ha pucynke 2.22 mpencTaBieHO pacnpezesieHue MIyOMHHON MPOLIEHTHOU

J03bl B BOOHOM CbaHTOMe, IIpH IIPOXOKICHUA I[ElHHOﬁ rcoOMCTpUM.
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Pucynok 2.22 — Pacnpenenenue rinyOuHHOM npoueHTHO 1036 (¢ TTH1)

,Z[aﬂee BBIIIOJIHAJIOCH CPABHCHHC FHY6I/IHHOF O IIPOLOCHTHOI'O PACIIPCACIICHUA

¢ ucnosib3oBanuem [11 u 6e3 Hero (pucyHok 2.23).
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Pucynok 2.23 — CpaBHeHHe paciipeiesieH!i ITyOUHHBIX MTPOLEHTHBIX /103 B (paHTOME

1-cIINA, 2 — 6e3 I11.

N3 pucynka 2.23 3aMeTHO, 4YTO pE3yabTaTbl JBYX pacyeToB KakK C
ncnons3oBanuem I1M, Tak u 6e3 Hero coBmagaroT. Pacuer ¢ ncnons3oBanuem 111
JUTWIICS TO BpeMeHu 9 uyacoB. JlaHHBIM pacueT MPOBOJMICS Ha HOYTOyKE C
HeOOJBIION CKOPOCThIO Tpoleccopa. Jlpyroi pacdyer 0e3 ucnosb3zoBanus 1IN
nics 6omnee 135 wacoB. Takum 00pa3oM, MOXHO CHAENaTh BBIBOJ O TOM, YTO
ucnoyib3oBanue IIM mo3BosisieT 3HAYUTENBHO COKPATUTh BpeMsl pacuera. ITO
1mo3BoJIUT Oosiee P3P(HEKTUBHO M 3HAYUTEIILHO OBICTPEE BBIMOJHUTH TOT WA UHOU

pacucT, pe3yJjIibTaTbl KOTOPOTIO MOT'YT UCIIOJIL30BaTHCA B Hy‘—IGBOfI TCpallnu.
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3 ®OuHAHCOBBIH MEHEIKMEHT, pecypcod(pPeKTUBHOCTL H

pecypcocoepekeHue

Lensro pazaena «DHUHAHCOBBIH MEHEIKMEHT, pecypcoddPEeKTUBHOCTD U
pecypcocOepexeHne) SIBJISICTCS MIPOCKTUPOBAHKE u CO3/aHHE
KOHKYPEHTOCTIOCOOHBIX Pa3pab0TOK, TEXHOJIOTHH, OTBEYAIOIIMX COBPEMEHHBIM
TpeOOBaHUSIM B 00J1acTH pecypcodhPEKTUBHOCTH U pecypcocOepeKeHN .

JlocTikeHre e 00eCednBaeTCs PEIICHUEM 3a/1a4:

—  OIICHKa KOMMEPYECKOTO MOTSHITAIA U MePCIIEKTUBHOCTH MPOBEACHUS
HAyYHBIX UCCIIEIOBAaHUM;

—  ompejerneHre BO3MOXKHBIX —aJIbTEPHATUB MPOBEJCHUS HAYYHBIX
UCCIICIOBAaHUM, OTBEUAIONIMX COBPEMEHHBIM  TpeOOBaHMSIM B  O0JacTU
pecypcodpHEKTHBHOCTH B PECYPCOCOCPEIKCHUS;

—  IUTAaHMPOBAHUE HAYYHO-UCCIEI0BATEIHCKUX PaboT;

— ompeaeneHue pecypcHoit  (pecypcocOeperaromieii), (hHHAHCOBOM,
OIOHKETHOM, COLIMAIbHON U YKOHOMHYECKOU 3(D(PEKTUBHOCTH UCCIICIOBAHUS.

B nanHo#i paboTe OCHOBHOM IIENIBbIO SIBISJIOCH MOJIETUPOBAHUE METOIOM
Momnte-Kapiio XxapakTepUCTHK JJIEKTPOHHOIO IyYKa MEAUIUHCKOTO JIMHEHHOIO

YCKOPHUTEIISA C YY€TOM THUIIOBOM CXeMbI (POPMUPOBAHUS MTyUKa.

3.1. OneHka KOMMEPYECKOrO MOTEHIHANIA U MEPCIIEKTUBHOCTH IPOBEICHUS
HAyYHBIX UCCJIEI0BAHUIM C MO3ULIUU pecypcorhHEeKTUBHOCTH u

pecypcocOepekeHHs
3.1.1. IloTeHManbHbIE TOTPEOUTENH PE3YIABTATOB HCCIIETOBAHUS

PesynpTaToM uccnenoBaHUs  SBISETCS  BO3MOXKHOCTH — MCCJICAOBAHUS
pPa3TUYHBIX XaPAKTEPUCTUK OJJIIEKTPOHHOTO TydyKa MEIUIIMHCKOTO JIMHEWHOTO
YCKOPHTEIIS, KOTOPBIA MPUMEHSICTCS B JIy9€BOW Teparuu. DTO IMO3BOJIUT TOpas3iao
ObicTpee, TouyHee U dS(PGEKTUBHEE NPOM3BOJIUTH JICUCHHE OHKOOOJBHBIX

MMaIUEHTOB.
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[leneBbIM PHIHKOM JAHHOTO MCCIIEIOBaHUS OyAyT SIBISTHCS MEAULIUHCKHE
OpraHu3alyy, KOTOPble OCHOBAHBI HA JICUEHUN OHKOOOJIBHBIX MAIIMEHTOB.

Ilepen TeMm, kak Obuta BbIOpaHa TeMma HCCIEIOBaHUS, ObUT MPOU3BEACH
aHanu3 motpedburteneil. B kauecTtBe morpeOuTeneld ObuUM BBIOpAHBI CHOCOOBI
J€YeHUs OHKOJIOTUYECKHX 3a0oJeBaHUi, wucmonb3yeMbix B Poccun. BropeiM
KpUTEepHEeM ObUIM BBIOpaHBI Pa3sHOBUAHOCTH paka. B Tabmmue 3.1 mpencrasiena
KapTa  CErMEHTUPOBAaHUS  pBhIHKA  HUCIHOJB3yeMbIX  METOAOB  JICUEHUS

OHKO03a0o0JieBauuii B Poccumn.

Tabnuna 3.1 — Kapra cermeHTHpOBaHUS PhIHKA

Bup neuenus
XHUMHOIy4YeBas TTyuesas Tepamus Xupyprus u
Teparnus JyyeBasl Tepanus
I'morka 20,1 % 17,5 % 50,4 %
[leiika MaTku 10,9 % 22,7 % -
[IpencrarenpHas 2.5 % 13,7 % 34.2 %
JKenesa

Hcxonst u3 KapThl CETMEHTUPOBAHUS PBIHKA, MOXKHO CIEJIaTh BBIBO, YTO U3
NEPEUNCICHHBIX Pa3HOBUIHOCTEH 3a00JIeBaHM M CHOCOOOB UX JIEYEHUS
npeoOaiaeT KOMIUIEKCHBI METOA Tepanuu — XHUPYprus U JIydeBas Teparusl.
JlyueBasg Tepamus, Kak METOJ JICYEHUsS, MCIOIb3YETCS NaBHO, YTO U SBIISIETCA
OPUYMHOM HauboJiee 4YacToro MCHOJIb30BaHUA 3TOT0 METOJAa OTHOCHTENIBHO
XUMHOIy4eBoW Tepanuu. IMEeHHO 1mo3ToMy U ObUIO BBHIIOJIHEHO UCCIIEIOBaHUE, B

KOTOPOM IMPUMCHAIOTCA MCAUITUHCKHEC JINHEHUHBIC YCKOPUTCIIN.

3.1.2. AHanu3 KOHKYPEHTHBIX TEXHUYECKUX PEIICHUIN

JIisi aHanmM3a KOHKYPEHTHBIX TEXHUYECKUX PEIIeHUN ObLT B3ST METOJ
moneiaupoBanusi Monrte-Kapio B mporpamme Giant (K1), Tak kak maHHas
nporpaMma ropazzo 4acTo MpUMEHSETCs JJIsl JaHHBIX 33/1ad. B oneHo4YHOM KapTe,

yKa3aHHOM B Tabiuile 3.2 MpUBEICHbI CUIbHBIE U C1a0ble CTOPOHBI KOHKYPEHTA.
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[To3ummst  pa3pabOTKM W KOHKYPEHTOB OIICHMBAETCS IO KaXKIOMY
MOKA3aTeNII0 SKCIEPTHBIM IMyTeM MO MATHOAUTHhHOW mkane, rae | — Hamboee
cnabas mo3unus, a 5 — HamOoJsiee cuibHas. Beca mokazateneit, omnpenenseMble
AKCHEPTHBIM MYTEM, B CyMME JIOJKHBI COCTaBIISATh CIMHUILY .

Ananms

KOHKYPCHTHBIX TCXHHUYCCKUX pemeHm”I OIIpCACIIACTCA 11O

bopmyie:
K= ZBi - b, 1)
rae K — KOHKYpEeHTOCTIOCOOHOCTh HAyYHOU Pa3padOTKH WIIH KOHKYPEHTa;

Bi — Bec mokazatens (B A0JIX €UHULIBI);

bi— OaJu1 I-ro Imoxasares.

Ta6HI/II_[a 32 — OI.[GHO‘-IHEUI KapTa I CPaBHCHHUSA KOHKYPCHTHBIX
TEXHUYECKHUX pelIeHu (pa3paboTok)
Kputepun orieHKH Bec Bamsr KOHKYpEeHTOCTIOCOOHOCTD
KpUTEPHS By | Bu Ky | Kxi
TexHuuecKue KpUTEpUH OIICHKH pecypcod(h(HEKTUBHOCTH
1. locTOBEpHOCTH MOITYYEHHBIX 0,35 5 3 175 1,05
JTAHHBIX
2.H0Mex0yCT0HqHBoc“TL 0.2 4 9 0.8 0.4
JETEKTUPYIOIINUX YCTPOUCTB
3. HagexHOCTh MOTy4eHHBIX 0,12 4 3 0,48 0,36
JTAHHBIX
4.IIpocToTa 3KCILTyaTalluu 0,15 5 4 0,75 0,6
5. Y1o0CTBO B DKCIUTyaTaIluN 0,1 5 3 0,5 0,3
6. DHEPro’KOHOMUYHOCTh 0,08 4 5 0,32 0,4
Hror: 1 - - 4,6 3,11

Ha ocHOoBaHMM mpeaCcTaBiIE€HHOrO BBINIE aHAIN3a MOXKHO CJI€NIaTh BBIBO/I,
YTO HCCIEJOBaHHAs B JAaHHOW AHMCCEPTAIMOHHOW paboTe sBisieTcs Hambosee
MPUTOJHOM JUIA  JKcruryarauuu. Merton woxemupoBanuss Monre-Kapiio B
nporpamme Giant, KoTopelli paccMaTpWBaJICs KaK KOHKYPEHT BO MHOTHX
KpUTEPUSX  OIEHKU pecypcodPheKTUBHOCTH

YCTYIIAeT HalIeMy METOIy

moearupoBanus MounTe-Kapio B mporpamme PCLab.
3.1.3 SWOT-ananu3

SWOT - Strengths (cunmbnbie cToponbl), Weaknesses (ciabbie CTOPOHBI),

Opportunities (Bo3moxkHOCTH) U Threats (yrpo3bl) — mpeACTaBIsET COOOM
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KOMIUJIEKCHBI aHAJIU3 HAay4YHO-UCCIEA0BATENbCKOro mpoekta. SWOT-ananus
NPUMEHSIOT JIUIsl UCCIICIOBAHUS BHEITHEH U BHYTPEHHEH cpebl mpoekTa. [12]

CusnbHble CTOPOHBI — 3TO bakTopsl, XapaKTepU3yIoIIne
KOHKYPEHTOCTIOCOOHYIO CTOPOHY Hay4HO-HCCIIEA0BATEIHCKOT0 poekTa. CUIIbHBIC
CTOPOHBI CBUJIETEIBCTBYIOT O TOM, 4YTO Yy TMPOEKTAa €CThb OTIMYUTEIHHOE
MPEUMYIIECTBO, SBISIONMINECS OCOOCHHBIMU C TOUKH 3PEHUS] KOHKYPECHIIUH.

Cnabble CTOpPOHBI — 3TO HENOCTATOK, YIYLICHHUE WM OTPaHHMYEHHOCTH
HAy4YHO-UCCIIEI0BATEIBCKOTIO MPOEKTa, KOTOPhIE MPEMSITCTBYIOT JOCTUKEHHUIO €T0
LETICH.

B03MOXHOCTH BKJIIOYAIOT B c€0s JIFOOYIO0 IPEANOUYTUTENBHYIO CUTYAIIHNIO B
HACTOALIEM WM OyIyleM, BO3HHMKAIOLIYI0 B YCJOBMSX OKpYXaloleh cpeibl
pOeKTa, HalpUMep, TeHICHIINIO, N3MEHEHNUE WU TIPENoIaraeMylo MoTpeOHOCTb,
KOTOpasi MOJAJIEPKUBAET CIIPOC Ha PE3yJIbTaThl POEKTA U MO3BOJISIET PYKOBOACTBY
IPOEKTa yIYUYIIUTh CBOIO KOHKYPEHTHYIO MO3UIIHIO.

VYrpo3a mpeactaBisger coOod JIO0YI0 HEXKENATENbHYI CHUTYallHuIo,
TEHACHIIMIO WM W3MEHEHUE B YCIOBUAX OKpPY)KAlOIIEH cpeabl MPOEKTa, KOTOphIE
MMEIOT  paspyLUIWUTENbHBIA WM  YIPOXKAKOIIMK  Xapakrep i €ro
KOHKYPEHTOCTIOCOOHOCTH B HACTOSIIIEM WA Oy IyIIEM.

B tabnuue 3.3 npeacraBieHa MHTEpaKTHBHAs MaTpHILIA IPOEKTa, B KOTOPOU
MOKa3aHO COOTHOIIECHHE CHJIBHBIX CTOPOH C BO3MOXKHOCTSIMH, YTO TO3BOJISET
Oonmee TOAPOOHO PAcCMOTpPETh TMEPCIEKTHBHI  pa3paboTku. B marpure
NIepPEeCeYeHHs CHIIBHBIX CTOPOH M BO3MOXKHOCTEH MMEET ONpeAeNCHHBIA Pe3yIbTaT:
«ILTIOCY» — CHJIBHOE COOTBETCTBHE CHIIBHON CTOPOHBI M BO3MOXKHOCTH, «MHUHYC)» —
cj1aboe COOTHOILIEHHE.

Tabnuma 3.3 — VIHTepakTHBHAs MaTpUIla TPOEKTa

Bo3smoxkHOCTH CunpHbIE CTOPOHBI IPOEKTA
IIPOEKTa Cl C2 C3 C4
Bl + - + +
B2 + + + +
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B pesynbrare Opima cocraBneHa wurtoroBas martpuina SWOT-ananusa,

npejacTaBieHHas B Tabauue 3.4.

Taomuna 3.4 — SWOT-ananu3

CunpHbIE CTOPOHBI IPOEKTA!

C1. OTHOCUTENBHAS TIPOCTOTA
00paboTKH Pe3yabTaTOB.

C2. 3HaunuTenpHOE KOPOTKOE
BpEMs BBIIIOJIHEHUS PACUETOB.
C3. JocToBepHOCTD
MOJTyYCHHBIX JTAHHBIX.

C4. Heucnonbp3oBaHue

p€ajlbHOro O60py,I[OBaHI/I$I.

CnaOble CTOPOHBI TPOEKTA:

Cnl. YHuBepcaibHbIN TOAXO/I.
Ci2. Heob6xomumocTh B OOJIBIIIOM
KOJINYECTBE UCTOPUI B MPOLIECCE

pacuera JuIs TOYHOTO pe3yibTaTa.

Bo3moxuocTH:

B1. Bo3MmoxxHOCTE
CO3JaHHs HOBBIX
PEKUMOB pabOTHI.
B2.JlomoaHUTETbHBIHA

CIIPOC Ha Pe3yJIbTaThI

PesynpraTel ananmsa
WHTEPAKTUBHOW MaTPHUIIbI
npoekTta noJjie «CuibHbIe
CTOPOHBI 1 BO3MOYKHOCTH»:
1. Obecnieuenue ycnoBui

IMPOBEACHUA SKCIICPUMCHTOB.

PesynpraTel ananmsa
WHTEPAKTUBHOM MaTPHUIIbI IPOEKTA
nosieit «Crabbie CTOPOHBI U
BO3MOKHOCTH:

1. Hanmnuue qOMOJIHUTENBLHOTO

CIpoca Ha pe3yJIbTaThl PacueToB

HCCICI0BaHUsI. 2. IlosiBnenue JOIMMOJIHUTECIIBHOI'O | TAKXKE ITO3BOJIMT YCTPAHUTD I'NTaBHBIC
CIIpoca u (1)I/IHaHCI/IpOBaHI/IH, HCAOCTATKH IIPOCKTA.
00eCIeYeHHBIX AKTYAJIIbHOCTBIO
TCMAaTUKH.

er03LI: Pe3y.]'IBTaTBI aHalIn3a Pe3y.]'H>TaTBI aHaJInu3a

V1. Hannuue
AQHAJIOTMYHBIX
pa3paboTok
MOJIEJIUPOBAHUS y
KOHKYPUPYIOILIEH

CTOPOHBI.

WHTEPAKTUBHON MaTPUIIBI
npoekTa noJyiei «CusbHbIe
CTOPOHBI M YTPO3BI»:

1. Hanmnume aHanoroBoro
MOJICTTUPOBAHUS
KOHKYPHPYIOIIUX CTOPOH HE
MTO3BOJISIET B CTOJIb KOPOTKOE
BpeMsl, KaK Hallle, BBIIIOJTHUTH

HYXXHBIC PAaCUCTHI.

MHTEPaKTUBHON MaTPUILIBI TPOEKTa
nosielt «Crabble CTOPOHBI U
YTPO3BI»:

1. IIpoBeneHne aHAIOTMYHBIX
HKCIEPUMEHTOB KOHKYPUPYIOLIUMHU
(dbupMaMu, 0OTHAKO MEPEUUCTICHHBIC
HaMH BO3MOYKHOCTH CIIOCOOHBI B
KpaTyaiiime CpoKH NMpeJOTBPATUTH

BCC€ HCIaTUBHBIC ITOCJICACTBHA.
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Takum oO6pazom, BeimostauB SWOT-aHann3 MOXKHO CIeNaTh BBIBOJ, YTO HA
JAHHBIT MOMEHT TNPEUMYIIECTBA TaHHOTO HCCIEIOBaHUS MPEo0IaaaroT HaJ €ro
HeJocTaTKaMu. Bce wuMeromuyecss HECOBEPIICHCTBA MOJYKHO JIETKO YCTPaHUTb,

BOCITIOJIb30BABIINCH IIEPCUNCICHHBIMU BbIIIC BO3MOKHOCTAMMU.

3.2 [InanupoBaHue HAyYHO-UCCIIEA0BATEIHLCKUX PadbOT

3.2.1 Ctpykrypa paboT B paMKax HAy4YHOTO UCCIEIOBAaHUS
[InanupoBaHue KOMIUIEKCA TMPEANOoaraéMblx padoOT OCYIIEeCTBIAETCS
CJIEIYIOILIEM TOPSIIKE:
— OIpeAesieHue CTPYKTYpbl pabOT B paMKax HayYHOTO MCCIIEIOBAHMUS;
— OIpe/esIeHNEe YYaCTHUKOB KaKI0U paboThI;
— YCTaHOBJIEHHUE NPOJOJKUTEIBLHOCTH paloT;
— MOCTpOeHHuEe rpaduka NpOBEACHUS HAyYHbIX UCCIICIOBAaHUM.
JI71s1 BBITIOTHEHMSI HAYYHBIX UCCIEA0OBaHUN (popmupyeTcst pabouas rpymnna,
B COCTaB KOTOPOW MOTYT BXOIWTb HAy4YHbIE COTPYOHUKH W IPENOAaBaTelly,
WHKXEHEPbI, TEXHUKH U JTAOOPAHThI, YUCICHHOCTh IPYIII MOXKET BapbupoBarbed. [1o
KaKJOMY BHUAY 3alUIaHUPOBAHHBIX pPaOOT yCTAaHABIMBAETCS COOTBETCTBYIOLIAS
JOJKHOCTH HcToHUTENe. [IpumepHblii OpsIOK COCTaBIEHUSI ATAoOB U PadoT,

pacripeziesieHue UCTIOTHUTENEH 10 TaHHBIM BUJaM paboT MpuBeIeH B Tadnuiie 3.5.

Tabmuma 3.5 — Onenounas kapra JUisi CpaBHEHUS KOHKYPEHTHBIX
TEXHUYECKUX PEIICHUN
Ne OJIKHOCTh
OCHOBHBIE TaIlbI Conepxanue paboT A
pao. UCTIOTHUTEIS
Pa3pabotka TexHu4yeckoro CocraBieHue 1 yTBEpKJIECHUE
1. PykoBongurens
3aJaHus TEXHUYECKOTO 3aJaHus
[Ton6op 1 u3yueHne MarepuaioB Mo
2. Ao0P yHeny p CryneHt
JTAHHOM Teme
PykoBoguTens
3. KanennapHoe riianupoBaHue padoT YROBOA ’
CTYACHT
Co3nanue paiyioB JaHHBIX IS
4. A ¢ A a CryneHt
MOZIETUPOBAHUS
5. [Ipouecc monenupoBanus CryneHnt
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[Iponomxenue Ttabmumnsl 3.5 — OneHoyHass KapTra [Jisl CpaBHEHHUSA
KOHKYPEHTHBIX TEXHUYECKUX PELICHUN

No JomxHOCTD
OCHOBHBIE ATaMbI Conepxanue padboT
pao. WCIIOJIHUTEJIS
AHanu3 NoJy4YeHHBIX Pe3yIbTaToB
6. Y1 pe3y CryneHnt
MOJICITUPOBAHHUS
[TocTpoenue rpadukos B rpadpuyeckom
7. CryneHt
MaKeTe
2 Cnoco0 yMeHbIIIEHUS] BPEMEHU PykoBonuTensb,
) MOJIETTUPOBAHUS CTYJIEHT
N Crynenr,
9. CocraBiieH1e MOsSICHUTEIBLHOM 3alMCKU
PYKOBOJHUTEIH
10 [TpoBepka npaBUILHOCTH BbIIOMHEHUS | PykoBonuTenb,
' I'OCTa CTYIIEHT

3.2.2 OnpeneneHue Tpy10€MKOCTH BBITIOJIHEHUSI padoT

TpynoBble 3arpaTsl B OOJIBIIMHCTBE Clay4yasx oOpa3ylOT OCHOBHYIO 4YacThb
CTOMMOCTH pa3pabOTKH, MOITOMY BaXKHBIM MOMEHTOM SIBIIIETCS OIpEAETICHUE
TPYAOEMKOCTH pabOT KaXJO0ro U3 YYACTHUKOB HAy4YHOIO HCCIIEJOBAHHI.
TpyaoeMKOCTb BBIIIOJIHEHUS HAYYHOI'O MCCIIENOBAHUS OLIEHUBAETCA DKCIIEPTHBIM
IIyTEM B YEJIOBEKO-IHAX U HOCHUT BEPOSATHOCTHBIM XapakTep, T.K. 3aBUCUT OT
MHOXKECTBA TPYAHO YUUThIBaeMbIX (haktopos [13]. [lns onpenenenus, 0xxugaeMoro

(cpenHero) 3HauYeHUs TPYAOEMKOCTH tox(i) UCTIONB3YETCs clieayromas popmyna:

3 * tmin(i) + 2% tmax(i)
tox((i) = 5 ) (2)

TA€  lone() — OKUAAEMAs TPYIOEMKOCTb BBITIOJHEHUS 1-0i1 paboThI Yen.-/H.;

tmin() — MMHUMAJIBHO BO3MOXKHAsI TPYAOEMKOCTh BBINIOJHEHUs 3aJJaHHOH 1i-
o paboThl (ONTUMHUCTHYECKAss OIEHKA: B MPEINOJOKEHUU Haubosee
OIaronpHUATHOTO CTEYCHHS OOCTOATENHCTB), Yel.-/IH.;

tmax(i) — MAKCHUMaJIbHO BO3MOYKHAsI TPYIOEMKOCTh BBITIOJTHEHUS 3a/1aHHOM 1-
oii paboThl (MeCCUMHUCTHYECKasi OIIGHKAa: B MPEANOJIOKEHUH Haubomee
HEOJIAroMPUSTHOTO CTEUCHUSI OOCTOSITENIBCTB), YEIL. - TH.

Ucxonss w3 oxkuagaeMod  TPyJOEMKOCTH  paboT,  ompeaenseTcs

IPOJOJDKUTEIBHOCTD KaXaA0M paboTel B pabounmx AHIX 7, YUYUTHIBAIOIIAsS
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MapayieIbHOCTh BBITIOTHEHUST PAbOT HECKOJbKUMHU HCIOJHUTEISAMHU. Takoe
BBIYHCIICHHE HEOOXOIUMO JUIsi 0OOCHOBAHHOTO pacueTa 3apaOO0THOW TUIAThI, TaK
KaK VyICNbHBI BeC 3apmiaTel B OOMIEH CMETHOW CTOMMOCTH Hay4YHBIX
UCCIIEIOBAaHUI COCTABIISIET OKOJIO 65 %.

Lox(i)
Tpiy = O:;l ) 3)
A

rne  Tpg) — IPOAOKUTENBHOCTh OJHOM paboThl, pad. aH.;

tose) — OKMIaeMasi TPYT0EMKOCTh BBIIIOJIHEHHUS 1-0i pabOThI Yes.-1H. ;
Y; — YUCIIEHHOCTb MCIIOJIHUTENICH, BBITTOJHSIIOMMNX OJHOBPEMEHHO OJIHY U

Ty e paboTy Ha JaHHOM JTarle, Yell.

3.2.3 PazpaboTka rpaduka npoBeAeHUS HAYYHOTO UCCIIEI0BAHUS

s ynobcTBa moctpoeHus rpaduka, JIMTEIBHOCTh Ka)XJA0TO W3 ATaIloB
paboT u3 pabouux AHEH cieAyeT MEepeBeCTH B KaJeHJapHble THU. [ 3Toro
HEO0OXOJIMMO BOCIIOJIBL30BATHCS CIEIYIONIEH (GOpMyITON:

Ty = Tpq) * Kyan [0H.], 4)
rae  Tys — NPOJOJIKUTENIBHOCTD BBIIIOJHEHM 1-i pa0OThI B KaJIEHIapHbBIX
JTHSIX
T},4) — IPOAOIKUTEIBHOCTD BBINOJIHEHHS 1-i Pa0OTHI B pabounx JHSX;
Kyar— KO3 GUITHMEHT KaJIeHIapHOCTH:
Txan

) 5
TKan - TBle - Tnp ( )

rac TKaﬂ — KOJIMYCCTBO KAJICHIAaPHBIX I[HCﬁ B roay,

kyan =

Tepx — KOJIMYECTBO BBIXOIHBIX THEW B TONY;
Tnp — KONMMYECTBO MPA3JHUYHBIX JHEU B TOMY.
Tornma:

365 B
365 —52—14
PaCC‘-II/ITaHHBIe 3HAYCHUA B KaJIeHI[apHBIX JHAX II0 KEDI(I[Oﬁ pa60Te

k}(an -

1,22.

HEOOXOJIMMO OKPYIVIUTh JO IIeJ0oro 4ucia. Bce 3HaueHus, MOJy4YeHHbIE MpHU

pacyeTax 1Mo BBIIICITPUBEICHHBIM (hOpMyIiaM, MpUBEICHbI B Tabmmiie 3.6.
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Tabmuma 3.6 — BpemenHble TOKa3zaTeNnd TMPOBEACHUS HAYYHOTO
HUCCIIEAO0OBAHUS
JlnutensHo | JJIUTENBHOCTD
CTb paloT B pabot B
Tpynoemxocts pador paboumnx | KaJeHIApHBIX
HasBanwne paboTsl AHAX Ty X T
tmin(l), tmax(l), tOJlC(i),
YesI - JIHU | Yell - THH | Yell — JAHU
c|p|C|P|]C]|P
CocrapiieHue v yTBEpKICHUE | 1 ) 1 ) 1 i 1 i 1
TEXHUYECKOTO 3aaHus
[lonbop u n3yuenne 7017 12112199 |45] 45| 5 5
MarepuasoB 10 JaHHOW TeMe
KanennapHoe ninanupoBanue 1 1 1 1 1 1 |05/ 05 1 1
pabor
Cosznanue (aityioB TaHHBIX JIIS 9 ) 1 ) 10| - 10 i 12 i
MOJZICTTUPOBAHUS
[Ipornecc monenupoBanms 26 | - | 28| - | 27| - | 27 - 33 -
AHaM3 MOJyYSHHBIX 9 i ul -1l - 110 i 1 i
PE3yIIbTaTOB MOJICTUPOBAHHMSI
[Toctpoenue rpadukos B 2 - 9 - 2 i 2 i 10 i
rpauyecKoM HaKeTe
Croco0 yMeHBIIICHUSI BpEMEHH 6 4 7 5 6 4 3 ) 4 5
MOJICTTUPOBAHUS
CocraBneHHe TOSCHUTEIBHOMN 3 4 4 5 3 4 3 4 4 5
3aMUCKU
[TpoBepka NpaBUIBHOCTH
BBITTOJTHEHHS 1 2 2 3 1 2 10,5 1 0,6 1
I'OCTa

B tabmuuax 3.7 u 3.8 mpuBefeH KaJeHIApHBIN ITUTaH-TpaduK MPOBEACHUS

Hay4YHOI'O UCCICAOBAHHA.
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Tabnuua 3.7 — Kanennapusiii miaH-Tpaduk NpoBeIeHUs HAYYHOTO
MCCJIEIOBAHUS HA OCEHHUMN CEMEeCTp

[Tpo10IKUTENBHOCTD BBITOJHEHUS pabOT
Ne Ucnonnau Tk,
6 Bun pa60T Cenrs10pp | OkT0pB Hos6ps Jlexabpb SluBapn
pabot temd ) KL T T 23123123 1273
2019 rox
CocraBieHue
1 YTBEPKICHUE Pyk-mb 1 E
TEXHUYECKOIO
3aaHus
[Ton6op u -
2 HA3y4EeHUE Pyx-is, 5 N
MaTepHaioB IO CTYICHT .
TAaHHOU TeEME
Kanenngapaoe
Aap Pyk-np E
3 MJIAHUPOBAHKUE 1
CTYIEHT I
pabort
Coznanue daition
4 MAHHBIX IS CryneHt 12 -
MOJICJTUPOBAHUS
IIponecc
5 bon Crynent | 33 I
MOJICJTUPOBAHUS
Anammz
MOJIYYeHHBIX
6 Cryneur 12
pe3ynbTaToB A -
MOJICJTUPOBAHUS

Tabnuua 3.8 — Kanennapusiii miaH-Tpaduk NpoBeeHUs HAYYHOTO
MCCIIEIOBaHUS HA BECEHHUI CEMECTP

HpOI[OJDKI/ITeJIBHOCTI) BBITIOJIHCHUS pa60T
No Ucnonnuren T, =
aGoT Bun pa6or u o ®eppanb | Mapt | Anpens | Mait UroHb
P A T2 3 123123 123 1] 2
2017 rox
ITocTpoenue
rpaduKoB B
! rpaduyeckoM CTyAeHT 10 -
TaKeTe
Crnoco0
YMEHBUICHUS i q
8 BPEMEHHU Pyk-ite, 4
CTY/ICHT
MOJIETTUPOBAHU
s
CocraBnenue S
9 MOSICHUTEJIHHO YK, 5
. CTYIICHT
1 3aMMCKu
[Iposepka
10 MPaBUILHOCTH Crynent 1 I
BBITIOJTHCHUS
I'OCTa
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3.2.4 bromxeT HaydyHO-TexHUYecKoro uccnenoBanus (HTH)

[Tpu mmanupoBanuu Oroxkera HTU nomkHO ObITH 0OECIieueHo MOJHOE U
JIOCTOBEPHOE OTPakKE€HUE BCEX BHUIOB PACXOJIOB, CBSI3aHHBIX C €rO BBIIIOJHECHUEM
[14]. B mpormecce ¢opmupoBanus Oromkera HTU ucnonbs3yeTcst clieayroimas
IPYNIIUPOBKA 3aTPaT MO CTAThSIM:

— wMarepuaibhbie 3aTpatsl HTU;

— 3aTpatbl Ha CIIEUAIIBHOE o0opyioBaHue TUIS
Hay4YHBIX (9KCIIEPUMEHTAJILHBIX ) pa0oT;

— OCHOBHas 3apa0O0THas MJIaTa UCTIOJHUTEIIEH TEMBI,

— JIONOJIHUTENIbHAS 3apabO0THAs TJ1aTa UCTIOJIHUTEIIEH TEMBI,

— OTYMCIJICHHS BO BHEOIOKETHBIE (DOH/IBI (CTPAaXOBBIE OTUHUCIICHHUSA);

— 3aTparhbl HAYYHBIC U MPOU3BOICTBEHHbIC KOMaHIUPOBKY;

— KOHTpareHTHBIE PacXo/Ibl;

— HaKJIaAHBIC PACXO/IbI.

3.24.1 Pacduer  MaTepHaJbHBIX  3aTpaT  HAYYHO-TEXHUYECKOTO

HCCICA0OBAaHUA

PacueT marepuaibHBIX 3aTpar OCYIIECTBISETCS MO cleayrolen popmyne:

m
3M = (1 + KTS) z ]—li * Npacx(i) (6)
i=1

re M — KOJIMYECTBO BHJIOB MaTEPHUAILHBIX PECYPCOB, OTPEOISIEMBIX TTPH
BBITIOJTHCHUH HAYYHOTO MCCIICIOBAHUS;

Npacx@) — KOJTHMYECTBO MaTEepPHUAIBHBIX PECYpCOB i-TO BH[A, TUIAHUPYEMBIX K
WCITOJIb30BAHUIO TTPH BBHITIOJTHEHWH HAYYHOTO UCCICAOBAHMS (IIT., KT, M, ¥ T.]I.);

I]i — 1eHa TIpUOOpEeTeHWsS CAWHUIIBI 1-TO BHJA TOTPEOIIEMBIX
MaTepHaIbHBIX pecypcoB (py0./mT., py0./kr, py0./M, U T.11.);

Kns — KOI(DQUIMEHT, YYHUTHIBAIONIUN TPAHCIOPTHO-3arOTOBUTEIbHBIC

pacxoibl.
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3HaueHus 1IeH Ha MaTepHalbHBIE PECYpPChbl MOTYT OBITh YCTAHOBJICHBI 110

JaHHBIM, pasMCUICHHbIM

Ha

COOTBCTCTBYIOIINX

calrax

B HMHTEPHETE

NpCaANPUATUAMU-U3TOTOBUTCIIIMU (J'II/I6O OpI‘aHI/ISaHI/IHMI/I-HOCTaBHlI/IKaMI/I).

MarepunanbHbie

3aHeceHbI B TabnuiIry 3.9.

3aTpaThl,

HEO0XOIMMBIE

Ta6muma 3.9 — MaTtepuaibHble 3aTpaThl

UL TaHHOW  pa3paboTKw,

Euinnia 3arparbl Ha
Haumenosanue FAMHEL Konunuectso Ilena 3a ex., py0. | Marepuaisl 3M,
M3MEpEHus, T

pyo.
Bbymara LIT. 500 0,5 250
Pyuxa LIT. 3 40 120

Kapannam IIT. 3 20 60
Jlactuk LIT. 1 15 15
Uroro, pyo.: 445

3.2.4.2 PacdyeT 3aTpar Ha CIieraabHOe 000pYyI0BaHHE IS HAYYHBIX paboT

Jns maHHOM MccienoBaTeabCKoM paboThl HE MPUOOPETATIOCH CIIEIUATIBHOE

o0Opy/lOBaHUsl, TOATOMY

€ro

AMOPTHU3AIUMOHHBIC OTYHUCJICHHA.

CTOUMOCTD

oyner

paccMarpuBaThbCs

KakK

Pacuer Oromkera 3arpar Ha HCHIONb3yeMoe B pabore 000pyIoBaHUE

npuBeaeH B Tabmuie 3.10.

Ta6muma 3.10. bromkeT 3aTpaT Ha clielMaIbHOE 000pYI0BaHHE

HaumenoBanue o6opynoBanus

KommuecTBo, mT

AMOpTHU3aLIMOHHbBIE
OTYMCIICHUS KaXKIbIH
MeCsIII, ThIC. pyO.

OO11ast CTOUMOCTD
o0opynoBaHus, pyo.

Cuctemnslii 6mok I[TK 1 18600 18600
Mownwurop 1 4800 4800
Knasuarypa 1 350 350
Mpr1ib 1 200 200
[Tporpamma PCLab 1 1800 1800
«KommproTepHas madbopaTopusi»
Hroro, pyo.: 25750
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3.2.4.3 OcHoBHas 3apab0THas IJ1aTa UCIIOJTHUTEICH TEMbI

B maHHOM paszere pacCuMTBhIBAETCSl OCHOBHAS 3apabOTHasH TlaTa Hay4YHBIX
U WHXEHEPHO-TEXHUYECKUX PAOOTHUKOB, pabOYMX MAaKETHBIX MAaCTEPCKUX U
OIBITHBIX TPOM3BOJICTB, HEIIOCPEACTBEHHO YYaCTBYIOUIMX B BBIIIOJHEHUU DPAOOT
10 JJaHHOM TeMme. BenrunHa pacxo/10B 1o 3apabOTHOH MIaTe OMpeAeseTC UCXOAs
U3 TPYJOEMKOCTH BBITIOJHSIEMBIX Pa0OT U JEHCTBYIOIIEH CHUCTEMBI OKJIAJ0B U
Tapu(HBIX CTaBOK.

OcHoBHasi 3apa0oTHas IUIaTa 3, CTYAEHTAa PACCUMTHIBAETCA IO
creaytomien popmyse:

3OCH = 3/1H * Tp; [py6 ]' (7)
rac Tp — [IPOAOJIKUTCIIbBHOCTD pa60T, BBIIIOJHACMBIX HAYUYHO-TCXHUYCCKHUM

paboTHUKOM, pab. THEH;
3on — CpeIHETHEBHAS 3apaboTHas 11aTa pabOTHUKA!

3, *M
3w = ——, [py6.], 3

F,

rae 3, — MECSYHBIN TOHKHOCTHOM OKIaja paboTHUKA, pYyo.;

M — xonu4ecTBO MecslEeB padOThl O€3 OTIyCcKa B TE€UEHUE Troja: Mpu
ornycke B 48 pad. nueit M=10,4 mecsiia, 6-1HEeBHAs HEJETS;
Fo — neiictBuTenbHBIA TOMOBOM (oHA pabodero BpEeMEHHM HAyYHO

TEXHHYECKOTO MepcoHaa, pad. qau (tadbmuna 3.11).

Ta6muma 3.11 — bananc pabouero BpemeHu

[Tokazarenu pabodero BpeMeHH CryneHt
Kanennapnoe uncno nueu 365
KonuuectBo HEepabounx qHEH: 5>
— BBIXO/IHbIE JHU; 14

— NpasgHUYIHBIC THU.

[Totepu paboyero BpeMeHU:
— OTIIYCK; 48
— HEBBIXOJBI 10 OOJIE3HU.

JleficTBUTENBHBIN ro0BOM QOH pabodyero BpeMeH! 251

HpI/IMCHaHI/ICZ IJId PYKOBOAUTEIIA U HAYYHOI'O COTPYIHUKA OanaHc pa6oqero BpPEMCHU
COOTBCTCTBYCT BBIIIC NU3JIOJKCHHOMY
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Jns OakamaBpa MECSIUHBIM OKJIQJl OMNPEAENISIETCS €ro CTUICHANEH W
cootBercTByeT 1906 py6. (6e3 paitonHoro kodddunuenta). PalioHHBIMI
k03 durment K, s ropoga Tomcka pasen 1,3.

3apaboTHas 1ata Juist cryaeHTa mo gopmyie (8):

_ 1906 10,4 1,3
AR 251
OcHoBHas 3apaboTHas miara o gpopmyie (7):

= 102 py®6.

3,0, = 102 * 27 = 2754 py6.

JleHexkHas BbIIJIaTa JJIsI HAYYHOTO PYKOBOJIUTENS OMPEACISAETCS M0 TOMY,
CKOJIbKO 4aCOB PYKOBOJHUTEJb MPOBOAM KOHCYJBTAIMIO CO CTyACHTOM. [laHHas
BBITIJIATa OMpeAesieTCs Kak HaJ0aBKa K OCHOBHOM 3apa0oTHOM 1uiaTe. PailoHHbBIN
KOod(phUIIMEHT HE yduThIBaeTcs. Bpems, koTopoe pyKOBOAMWTENb BBIICISICT Ha
paboty ¢ BKP 6akanaBpa paBusiercs 20 pab. 4. 3apaboTHas 1iaTa pyKOBOJIUTEIIS
cocraBisieT 250 py0./4. Torna 3apaboTHas miaTa HAyYHOTO PYKOBOAUTENs Oyaer

paBHa:

3o = 250 * 20 = 5000 py6.

Pacuer 3apaboTHOM 1aThl IpeacTaBieH B Tadauie 3.12.

Tabmuma 3.12 — Pacuer ocCHOBHOM 3apaOOTHOM TIIATHI

Hcnonuutens 3on PYO. ky T,, pal. nuu 3ocn, PYO.
PykoBonurens 250 - 2,5 5000
Crynen 102 1,.3 27 2754
HUroro, pyo.: 7754

3.2.4.4 OtunciieHns: BO BHEOOHKETHBIC (DOHIBI

B naHHO# cTaThe pacxomoB OTpa)KkaloTCs 00sA3aTeNbHBIE OTUMCICHUS IO
YCTaHOBJIEHHBIM 3aKOHOAATENBCTBOM Poccuiickon denepaunu HOpMaM OpraHam
rocyaapcTBeHHOro conuaibHoro crpaxoBanus (PCC), nencuonnoro ¢onnaa (I1D)

u MeaurHcKoro crpaxoBanus (OPDOOMC) ot 3arpaT Ha oriary Tpyaa paOOTHHKOB.
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Benuunna otumucieHuid BO BHEOIOMKETHBIE (DOHABI 3446 OINpPENESeTCS

WCXOJS U3 CIICAYIONIEH POPMYIIbI:

3Bl—1e6 = kBHe6(30CH + SAOH)’ [py6 ]' (9)

e Kees — KOIPGUIMEHT OTYMCICHHNA HA YILIATy BO BHEOIOKETHBIC

dboHab (MeHCHOHHBIN (oHA, GOoHA 00s3aTEILHOIO MEIUIIMHCKOTO CTPaXOBaHUS U
mp.);

3ocx — OCHOBHAS 3apaboTHAs TU1aTa, pyo;

3p0n — JOTIOTHUTENIbHAS 3apaboTHAas 11aTa, pyo.

B coorBerctBun ¢ ®enepanbHbiM 3akoHOM OT 24.07.2009 No212-®3
YCTaHOBJIEH pa3Mep CTPaxoBbIX B3HOCOB paBHbIA 30 %. Ha ocHoBanuu myHkrta 6
.l c1.58 3akoHa No0212-®3 jmua  yupexACHUM,  OCYIIECTBISIONINX
o0pa3oBaTEIbHYI0O M HAy4YHYIO JeATelbHOCTh B 2019r. BoaMTCS TOHWKEHHAsS
cTaBka 28 %.

OTuuciienust BO BHEOIOIKEeTHBIE (POHIBI MpeIcTaBleHbl B Ta0muIe 3.13.

Tabmuma 3.13 — OtuncneHus BO BHEOIOHKETHBIC (DOHIBI

Koaddpumment OTuucienus Bo
OcHoBHas 3apaboTHas N
Hcnonuurens AT DVE OTYMCIIEHUH BO BHEOIOKETHbIE
- PYO- BHEOIOIKETHBIE (DOHIbI dousI, pyo.
PykoBonurens 5000 28 % 1400
CryneHt 2754 28 % 771
Hroro, pyo.: 2171

3.2.4.5 HaknaaHble pacXosl

OcHoBHbie pabotsl 111 BKP npoBoaumiuck 3a [IK B koMHare xuioro goma.
Bpewms, nposenennoe 3a [1IK — 1090 gacoB. MomtHocTh paboueit cranmuu — 0,065

KkBT. 3aTparbl Ha ANEKTPOIHEPTUIO PACCUUTHIBAOTCSA 1O (popmyre:

C= ]—lsn *P*FOG' [py6], (10)
rae 1], — Tapud Ha NPOMBIIIIEHHYIO 3JIEKTpOodHEpruto (2,45 py0. 3a 1 kBT u);

P — motHOCTh 000pyioBanus, KBT;
Fo6 — BpeMs ncnoib30BaHus 000py10BaHUs, Y.

[To popmyne (10) 3aTpaThl Ha ANEKTPOIHEPTUIO cocTaBuiIn 173,6 pyodrneit.
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[ToMrMo Bcero mepeyrciieHHOro ObUT MCIOJIb30BaH MHTEPHET ISl TIOUCKA
HeobOxonumoi nHdopmaru. CTOUMOCTh MECSTYHOTO 00cyxkuBaHust — 350 pyouieid,
BpeMsi ucnojib3oBaHus — 1,5 Mecsma. COOTBETCTBEHHO, 3arparbl  Ha
HCII0JIb30BaHUM MHTEPHETA COCTaBUIIN 525 pyOIieil.

[Ipu urtorosoit 3ammre BKP HeoOxomumo pacrieuaTaTh € AJIEKTPOHHOTO
HocuTtenss Ha Oymary ocHoBHOUM TekcT BKP. CtommocTs mewatu ogHOTO jmcTa
dbopmara A4 cocraBmier 3 pyoms. KommuectBo crpanunr BKP  —  70.
CoOTBETCTBEHHO, CTOMMOCTh TIe4yatu cocTtaBwia 210 py6neii. HWrorosbie

HaKJIagHbIe pacxosl - 908,6 pyo.

3.2.4.6 dopmupoBaHue OrOPKETa 3aTpaT HAYYHO-UCCIIEI0BATEIIbCKOTO
MPOEKTa

PaccunraHHass BenuuMHA 3arpaT Hay4HO-HCCIIENOBATENbCKOW pabOTh
(TeMbl) SIBIIIETCS OCHOBOM JUIs POPMHUPOBaHUS OIOIKETa 3aTpar MPOEKTa, KOTOPBIH
pu (OPMHUPOBAHUH JTIOTOBOPA C 3aKA3UMKOM 3AIMIIAETCS HAYYHON OpraHu3aluei
B KauecTBE HIDKHErO TMpezesa 3arpaT Ha pa3pabOTKy Hay4YHO-TEXHUYECKOU
nponykuuu. OrnpeneneHue OOKETa 3aTpaT Ha HAyYHO-MCCIIENO0BATEIIbCKUAN

MPOEKT MO Ka)KJOMY BapUaHTy MCIIOJIHEHMsI pUBEJIeH B Tabnuie 3.14.

Tabmuma 3.12 — bromker 3arpat HTU

HaumeHnoBaHue crarbu Cymma, pyo.
Marepuansnsie 3arparsl HTU 445
3arpaThl Ha celMagIbHOe 000PYIOBaHUE 25750
3arpathl 10 OCHOBHOM 3ilpa60TH0171 rJiaTe 7754
VCIIOJTHUTEINIEH TEMBI
OTtuncneHust BO BHEOIOKETHBIE (POHIBI 2171
HaxitagHbie pacxonsl 908,6
Hroro, pyo.: 37028,6
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3.3 Onmnpenenenue pecypcHoii (pecypcocOeperaronieii), GHHUHAHCOBOM,

OIO/I>KETHOM, COLIMATIbHON U 9KOHOMUYECKOU 3((HEKTUBHOCTH HCCIEAOBAHUS

Onpenenenue  3G(EKTUBHOCTH  MPOUCXOAUT HA  OCHOBE  pacyer
UHTETpaJIbHOTO ToKa3aTens 3(dexTuBHOCTH HaydyHOro wuccieaoBanus. Ero
HAXOXJICHUE CBSI3aHO C OMNPEICICHUEM JIByX CpPEIHEB3BEHICHHBIX BEJIUYMH:
dbunaHcoBoM 3P HeKTUBHOCTH U pecypcodrdpextuBHoCcTH [15].

WuTerpanbHbiii  1oKazarenb (GUHAHCOBOW A(H(EKTUBHOCTH HAYYHOTO
UCCJIEIOBAaHUs TOJy4aloT B XOJ€ OICHKW OromkeTa 3arpar Tpex (uiam Ooee)
BApMAHTOB WCIOJHEHUS HAy4YHOTrO wucciefoBanusa. /[[ns 3Toro HambombIIuit
WHTETPAIbHBIN TOKa3aTelb peajn3allid TEeXHUYECKOW 3ajJayd MpPUHUMAETCA 3a
0a3y pacuera (Kak 3HaMEHaTellb), C KOTOPbIM COOTHOCHUTCS (PMHAHCOBBIE 3HAYCHMSI
110 BCEM BapHaHTaM HUCITOIHEHUSI.

NuTerpanbHbiii (MHAHCOBBIN MOKa3aTeNb pa3pabOTKU ONPEACIISIETCS KakK:

LD
ICHI/I(l) — H(l) : 1 1
(bHH CDmax ( )

cnu(i)
UH

rae [ — UHTErpajJbHbIN (UHAHCOBBIN MMOKA3aTENb Pa3pabOTKy;

D,,;) — CTOUMOCTbD 1-TO BapHUaHTa UCIIOJIHEHUS;

@Dmax  —  MakcUMaJbHas CTOMMOCTD UCTIOJTHEHHUSI Hay4yHO-
HCCIIEIOBATENIbCKOTO MPOEKTA (B T.4. aHAJIOTH).

[TomyuenHnass BeMMYMHA WHTETPATbHOrO  (UHAHCOBOTO  TOKa3aTels
pa3pabOTKu OTpa)kaeT COOTBETCTBYIOLLEE YHCIEHHOE YBEIUYEHHE OJKeTa
3aTpat pa3paboTKH B pazax (3HaueHue OOJIbLIE €AUHUIIBI), THOO COOTBETCTBYIOIIEE
YHUCJIEHHOE YCIIEBJICHNE CTOMMOCTH pa3pabOTKM B pa3ax (3HAUCHHE MEHbIIEe
€UHULIBI, HO OOJIBIIIE HYJIA).

Jlns cpaBHeHus OrojkeTa 3aTpar ObLIM BBIOpAaHBI J1Ba JIPYTMX BapUaHTa
UCIIOJTHEHUS] HAYYHOT'O UCCIICJOBAHMUS:

—  HCIoJb30BaHUE HOYTOYKA U nporpammbl PCLaDb;

—  wucnoias3oBanue [1K u mporpammer Giant.
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Croumocts HOyTOYKa M mporpammbl PCLab — 28400 py6., croumocts 1K
u nporpammbel Giant — 26650 py6. CToMMOCTh TpPOEKTa C HCIOJIb30BAaHHEM
HOyTOYKa 1 mporpammbl PCLab — 39678,6, cronMocTh IpoeKTa ¢ HCITOJIb30BaHHEM
ucnonb3oBanue [1K u mporpammer Giant — 37928,6.

Torma wHTErpanbHBIA (DUHAHCOBBIM TOKa3aTelb ISl TPeX pa3paboTOK
OTIpEIETSAETCS KaK:

(1) _ 37028,6
$un 39678,6
cn(2) _ 37928,6 _
$un 39678,6
cn(3) _ 39678,6 _
$un 39678,6
HNuTerpanbHbIi II0Ka3aTelb pecypcodPpheKTUBHOCTH BapHAHTOB

= 0,933;

0,956;

HCIIOJTHEHUS 00bEKTa HCCICAOBAHHNA MOKHO OIIPpCACINTL CICAYIOIINM 06pa30M:

bao = z a; * b, (12)

rae  lp — uMHTErpanpHBI MOKazarenb pecypcodr(p(PEKTUBHOCTH IS 1-TO
BapHaHTa UCIIOJHEHUS pa3pabOTKH;

i — BeCOBOI KO3((ULMEHT 1-T0 BapUaHTA UCIIOJHEHUS pa3padOTKU;

bi — OampHas oleHKa 1-r0 BapuaHTa WCIOJHEHUS pPa3pabOTKH,
YCTaHaBJIMBAETCS HKCIEPTHBIM IyTEM 110 BEIOPaHHOM IlIKaJie OLICHUBAHUS.

Pacuer uHTErpasibHOrO MoOKazaresns pecypcoddPeKTUBHOCTU MPEACTaBIEH

B Ta0auie 3.15.

Tabmuua 3.15 — CpaBHuTENbHAs OLEHKA XapaKTEPUCTHUK BAPUAHTOB
HWCIOJIHEHUS IIPOEKTA
BecoBoii kos(duuuent | OLUCHKA 00BEKTa HCCIIEI0BAHHS
Kpurepun
IlapamMeTpa HUcn. 1 Hen. 2 | Hcm. 3
Cpok rogHoctr 0,2 5 4 4
DHeprocoepexeHne 0,15 4 4 4
Bpewms pacueroB 0,15 5 5 4
VY1o0CcTBO B AKCIUTyaTaIluu 0,25 4 4 4
HanexxHoCTb 0,25 4 4 4
HToro: 1 22 21 20
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Iy—yen1 =5%0,2+4%0,154+5%0,15+ 40,25 + 4 * 0,25 = 4,35;
Iy—yemn =4%0,2+4%0,15+5%0,15+ 40,25 + 4 * 0,25 = 4,15;
Ly—yen1 =4%0,2+4%0,15+4%0,15+ 40,25+ 40,25 = 4.
WuTerpanbubiii  mokazatenb 3()@PEKTUBHOCTH BApUAHTOB HCIIOTHEHUS

p33pa60TKI/I OIIpCaACIIACTCA Ha OCHOBAaHUH HHTCTPAJIBHOTO ITOKAa3aTcCiIA

pecypcordHEKTUBHOCTH M HHTETPATIBLHOTO (PMHAHCOBOTO MOKa3aTess o GpopMmyiie:

I _ Ip—chl
uen(i) — Icrm(i) ! (13)
dun
Torna:
I =5 aes
ucn(1) — 0’933 - % )
4,15
IHCH(Z) = W = 4,34;
4
Incn(3) = I =4.
CpaBuutenbHas 3pHekTHBHOCTD poeKTa ( Iy ):
Iucn(i)
Ap =7 (14)
P Incn(i+1)
Incn(l) 4,66
Aep = ,Iep = —— = 1,165;
¢ Iplcn(3) ® 4
II/ICl'[(l) 4‘ 66
Aep = ,d —— = 1,074;
P ucn(2) @ 4,34
Il/ICl‘I(Z) 4,34
3 = , = = 1,085
P Incn(3) ® 4
DddekTHBHOCTH pa3pabOTKH IpeIcTaBiieHa B Tadnwuie 3.16.
Tabnuua 3.16 — D¢ dekTuBHOCTH pa3padboTKu
IToka3arenu Hcem. 1 Hcm. 2 Hcn. 3
WuTerpanbHblil GUHAHCOBBIN MOKa3aTenb pa3paboTKu 0,933 0,956 1
WuTerpanbHblil mokaszarenb pecypcodddekruBHoCTH 4.66 434 4
pa3paboTKu ’ ’
WuTerpanbHblil mokas3arenb 3PPeKTUBHOCTH 4,66 4,34 4
CpaBHuTtenbHas 3¢ (eKTHBHOCTh BApUAHTOB 1,165 1,074 1,085
UCTIOJIHEHUS
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CpaBHeHHEe 3HAuUEHUN MHTETPaJbHBIX TMOKaszareneil sddexTuBHOCTH
MO3BOJISIET MOHATh U BbIOpaTh OoJiee NEIIEBbId BapUAHT PEIUEHUS MOCTABICHHON
TEXHUUYECKOM 3aJauM C MO3UIMKU (UHAHCOBOM U pecypcHoM rdpdextuBHocTH. [lo
JTaHHBIM TaOIULbl 3.16 MOXHO clienaTh BBIBOJ, YTO HAIl BAPHUAHT MOACIUPOBAHUS
ABIIsIeTCS HauOoJiee JIENIEBbIM BapUAHTOM PEIICHUS MOCTABJICHHONW TEXHUYECKOU

3aJ1a4H.
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4. CounajbHas OTBETCTBEHHOCThH

B coBpeMeHHBIX YCIOBUSX OJJHUM W3 OCHOBHBIX HANpaBICHUN KOPEHHOTO
yIIydIIeHUs] Bcel mpoduaakTuaeckoi paboThl MO CHIKEHUIO TMPOU3BOICTBEHHOTO
TpaBMatu3Ma U MpodecCHOHATBHOM 3a00JIeBA€MOCTH SIBIISIETCS TOBCEMECTHOE
BHEJIPEHUE KOMIUIEKCHOM CHCTEMBbI YIPABJICHHUS OXPaHOW TpyJa, TO €CTh IMyTeM
00BbeIUHEHUS Pa3pO3HEHHBIX MEpOIIPUATUI B EANHYIO CUCTEMY
1eJICHANPABJICHHBIX JIEUCTBUII Ha BCEX YPOBHSAX M CTaJAMUSIX MPOU3BOJICTBEHHOIO
npolecca.

Oxpana Tpyga — 93TO CcHCTeMa 3aKOHOJATENbHBIX, COLUAIBHO-
SKOHOMHMYECKUX, OpPraHU3al[MOHHBIX, TEXHOJOTMYECKUX, TUTMEHUYECKUX U
e4eOHO-TIPODMIAKTUYECKUX  MEPONPUITHH U CPENCTB, OOECIEUHBAIOIINX
0€30I1aCHOCTbh, COXPaHEHHE 370POBbsI U pa0OTOCIIOCOOHOCTH YEJIOBEKA B MPOLIEcce
Tpyna [16].

[IpaBuna mo oxpaHe TpyJa M TEXHUKH OE30MaCHOCTH BBOJSTCS B LIETSAX
IpeIyNpexIeHNs HECUACTHBIX CIydaeB, oOecreueHus: 0e30MacHbIX yCI0BUH Tpyia
paboTaIUX H SABISIOTCS 00S3aT€NbHBIMU  JUISl  HCIOJIHEHUS pabOYnMMH,
PYKOBOJISIIIIUMHU, HUHKEHEPHO-TEXHUYECKUMU PAOOTHUKAMU.

OnacHbIM MPOU3BOJACTBEHHBIM (DAaKTOPOM, COTJIACHO, Ha3bIBA€TCS TaKOM
MIPOU3BOICTBEHHBIN (aKTOp, BO3ACUCTBHE KOTOPOTO B OMPENEICHHBIX YCIOBUSIX
IPUBOJAT K TPaBME WK JPYIOMY BHE3AITHOMY, PE3KOMY YXYAIIEHHUIO 310POBBS.

BpenHeiM  mpou3BOJACTBEHHBIM  (DAaKTOpPOM  Ha3bIBAaeTCs  TaKOH
IPOU3BOJACTBEHHbIH (DaKTOp, BO3JEHCTBHE KOTOPOro Ha paboTaromero B
ONpENENEHHBIX  YCIOBUSAX MPUBOAUT K 3a00JIEBaHUIO WM  CHUXKECHHIO
TPYJAOCIOCOOHOCTH.

4.1 AHanu3 ONmacHBIX U BPEIAHBIX MPOU3BOJICTBEHHBIX (haKTOPOB

[Ipou3BoACTBEHHBIE YyCIOBUS Ha pabodyeM MeCTe€ XapaKTepU3yrTCs
HAJMYMEM OIACHBIX M BPEIHBIX (PAKTOPOB, KOTOPHIC KIACCHPUIIUPYIOTCS TIO

rpymniam DIIEMEHTOB: ¢busnueckue, XUMHYECKHE, OMoJIOTUYECKHE,
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HCI/IXO(l)I/BI/IOJ'IOFI/I‘IeCKI/IC. OCHOBHBIE 3JIEMEHTHI IMPOU3BOACTBCHHOI'O IIPOLCCCaA,

(dbopMupyrolue onacHsle U BpenHblie (pakTopsl mpencTaBieHsl B Tabauie 4.1.

Tabmuma 4.1 — OcHOBHBIE AJIEMEHTHI  IPOM3BOJICTBEHHOIO  IpoIlecca,
dbopmupyroIe ONacHbIe U BpeaHbie (haKTOPhI
HaumenoBanue DAKTOPBI
BHUJIOB PaboT 1 T'OCT 12.0.003-74 CCBT
HopMmaruBHbie
rmapameTpoB
JIOKYMEHTBI
MIPOU3BOJICTBEHHOTO Bpenubie OrmacHele
npoiiecca
IToBEIIEHHBII
YpOBEHb
MOHU3HPYIOLTUX -

W3JIy4YCHHH B

paboueii 30He

Bo3znerictBue
paauanuu
(BY,YBY,CBY u

T.J.)

I'OCT 12.1.038-82

- DNEeKTPUYECKUN TOK CCBT.
DneKkTpoOe30nacHOCTh
[Toxapo- u
B3PBIBOOE30IIaCHOCTh
- Toxapras IPOMBIILIEHHBIX
0€3011acHOCTb

00wekToB. [[OCT
P12.1.004-85 CCBT

[Ipon3BoICTBEHHBIE YCIIOBHS Ha paboueM MeCTe XapaKTEPHU3YIOTCS HalUdueM
OMMACHBIX W BpeAHBIX (DAKTOPOB, KOTOpPbHIE KIACCUDHUIIMPYIOTCS MO Tpymnmam
AJIEMEHTOB: (PU3UYECKUE, XUMUUECKHE, OMOJIOTHYECKHUE, TICUXO(PU3HOIOTHUECKHUE .

Ha wmxenepa, paboTra KOTOpPOro cBsi3aHa C MOJICIMPOBAHUEM Ha

KOMITBIOTEPE, BO3ICUCTBYIOT CIEAYIOIINE (PaKTOPBbI:
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— (¢usnyeckue: TeMmepaTrypa M BIAXHOCTb BO3JyXa; IIyM; CTaTHYECKOE
AIIEKTPUYECTBO; ANEKTPOMATHUTHOE II0JI€ HU3KOM YHCTOTHI; OCBEIIEHHOCTH;
HAJIMYUE U3ITYICHUS;

— ICUX0(U3HOIOTHUECKHE

[Icuxodusnonornueckue OMacHble H  BPEAHbIE  IPOU3BOJCTBEHHBIC
dakTopsl, AenATCA Ha: (pU3MUECKUE TMEeperpy3Ku (CTaTHUecKue, THHAMHYECKUE) U
HEPBHO-TICUXUYECKHUE Meperpy3ku (YMCTBEHHOE MepeHanpsyKeHne, MOHOTOHHOCTh

TpyJa, SMOLIMOHAJILHBIE MIEPETPY3KH).

4.2 OOocHoBaHMe M pa3pabOTKa MEPONPUATUNA IO CHUKEHUIO YPOBHEU

OIMaCHOI'0 WM BPCIAHOI'O BO3I[CI>1CTBPI$I U YCTPAHCHHIO HX BIIMAHUS IIPU pa60Te Ha

[15BM
4.2.1 Opranu3aiiOHHbIE MEPOTIPUSATHUS

Becy mepconHan o0s3aH 3HaTh W CTPOTO COOJIOATh NpaBUJiia TEXHUKU
0€30I1aCHOCTH. OOyuenue nepcoHazia TEXHUKE 0e301acHOCTH 17}
IPOU3BOJCTBEHHOM CAHUTAapHUM COCTOMT W3 BBOJHOTO HHCTPYKTaXa U
MHCTPYKTaka Ha paboueM MEeCTEe OTBETCTBEHHBIM JIMILIOM.

[IpoBepka 3HAHWM TPaBWJI TEXHUKH OE30MACHOCTH  MPOBOJAUTCS
KBaTU(UKAIMOHHOW KOMHMCCHEH mociie oOydeHus Ha paboyeM  MecTe.
[TpoBepsiemoMy, IpUCBaUBAECTCSI COOTBETCTBYIOIIASl €T0 3HAHUSM U OIBITY PaOOThHI
KBAIM(PUKALIMOHHAS TPyIIa MO0 TEXHUKE 0€30MacHOCTU U BBIAAETCS CHEUAIbHON
yYIOCTOBEPEHHE.

JIuua, oOcinyXUBaroIIUe 3JIEKTPOYCTAHOBKU HE JIOJDKHBI UMETh YBEUUH U
OoJne3Hel, Memarumx MpPOU3BOACTBEHHON pabote. CoCTOsSHUE 3/I0pOBbS

YCTaHABJIMBAETCSI MEAUIIMHCKUM OCBHJIETEIIbCTBOBAHUEM.
4.2.2 TexHu4ecKrue MEpOIpHUsITUS

PannonanpHas miaHUpoBKa pabodero mecrta MpeaycMaTpUBAaeT YETKHM
IOPSAOK M TOCTOSAHCTBO  pa3MEUICHUs MPEIMETOB, CPEACTB Tpyda U
nokymeHTanuu. To, 4Tto Tpedyercs [Uisi BBINOJHEHHsS padoOT yalie I0KHO
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pacnojiararbCsa B 30HC JICT KOM JOCSATraeMOCTHU pa60qer O IPOCTPAHCTBA, KaK

MOKa3aHo Ha pUcyHke 4.1.
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Pucynok 4.1 — 30HbI 10CSTa€MOCTH PYK B TOPU30HTATBHON TNIOCKOCTH
a — 30Ha MaKCUMAaJIbHOM J1I0CSATAEMOCTH PYK;
0 — 30Ha IOCSTaeMOCTH MANbIIEB MPU BBITAHYTON PYKE;
B — 30HAa JIETKOM J10CATAEMOCTH JIaJI0HU;
T — ONITUMAJIbHOE TPOCTPAHCTBO 7Sl TPYOOii pyuHOit paboThI;

1l — ONITUMAJIbHOE MTPOCTPAHCTBO JIJIsl TOHKOM PYy4HOI paOOTHI.

OntumanbHOE pa3MElICeHUE MPEAMETOB TpyAa U JOKYMEHTAIlMM B 30HAX
JIOCSITAEMOCTH PYK:

— JUCIUIEH pa3MelaeTcs B 30HE a (B LICHTPE);

KJIaBHaTypa — B 30HE T/J;

CUCTEMHBIN OJIOK pa3meniaeTcs B 30He O (cieBa);

— TPUHTEP HAXOJUTCS B 30HE a (CrpaBa);

JIokyMeHTaIusl pa3MeniaeTcsi B 30HE JIETKOW JOCSITaeMOCTH JIAJOHU — B
(cneBa) — JmTepaTypa M JOKYMEHTAalMs, HeoOXoaumasi Mpu padoTe; B
BBIJIBUKHBIX SIIITUKAX CTOJIA — JIUTEPATypa, HE UCMIOJIb3yeMasi TOCTOSIHHO.

[Ipy mpoeKkTHpOBaHWM THUCHMEHHOTO CTOJIA JOJDKHBI OBITh  YUYTCHBI
cleayroIme TpeOoBaHus.

BricoTa paboueli OBEPXHOCTH CTOJia peKOMEHIyeTcsi B mpenenax 680-
800 mm. Bpricota pabodeil MOBEPXHOCTH, HA KOTOPYIO YCTaHABIIMBAETCS
KJIaBHATypa, AOKHA ObITh 650 MM. PaGoumii cTtonm momKeH OBITH IMIMPUHON HE

menee 700 MM u nnuHor He MeHee 1400 mm. [[oKHO MMEThCsl MPOCTPAHCTBO ISt

62



Hor BhIcOTOM He MeHee 600 MM, mupuHoit — He menee 500 MM, riIyOMHON Ha
ypoBHE KoJieH — He MeHee 450 MM M Ha YpOBHE BBITSHYTHIX HOI' — HE MEHEe
650 mm.

Pabouee kpeciio JOKHO ObITH MOABEMHO-IIOBOPOTHBIM U PETYIUPYEMBIM
10 BBICOTE U yIJlaM HaKJIOHA CUJICHBS M CIIMHKH, a TaK)K€ PACCTOSHUIO CIIMHKU 10
NEepeIHEeT0 Kpas CUACHbS. PeKkoMeHayeTcsi BhICOTA CUJICHbS HaJ yYpOBHEM II0Jia
420-550 mm. Konctpykiusi pabodero kpeciia JT0DKHA 00€CIIeUnBaTh: IMIUPUHY U
rIyOMHY TOBEPXHOCTU cuieHbs He MeHee 400 MM; MOBEPXHOCTh CHACHBS C
3arnyOJEHHBIM MIEPETHUM KpaeM.

MonuTop [0JKE€H OBITh PAacHojiOKEH Ha YpOBHE TJla3 oleparopa Ha
pacctosiauu 500-600 mm. CornacHO HOpMaM yroJi HaOJIIOIEHUSI B TOPU30HTAIILHOM
MJIOCKOCTH JIOJKEH OBITh He Oosiee 45 © k HopManu skpaHa. Jlydine ecnu yroi
o030pa Oyznet coctaBiath 30 °. Kpome Toro 1omkHa ObITh BO3MOXHOCTD BHIOUPATH
YPOBEHb KOHTPACTHOCTH U SIPKOCTH M300paKEHUS Ha SKpaHe.

JloymkHa pelycMaTpUBaTHCS BOBMOXXHOCTb PETYJIMPOBAHUS IKpaHa:

— MO BBICOTE +3 CM;

— 110 HakJIoHY oT 10 10 20 rpaaycoB OTHOCUTEIBLHO BEPTUKAIIH;

— B JICBOM U [IPaBOM HaIlpaBJICHUSX.

KnaBuatypy cieayer pacrosiaraTb Ha MOBEPXHOCTU CTOJIa HA PAaCCTOSIHUU
100-300 MM oT kpas. HopmanpHBIM TONOXEHHEM KJIaBHATYphI SBISETCS €€
pa3MelieHre Ha ypOBHE JIOKTS OlepaTopa C YIJIOM HAKJIOHA K TOPU30HTaJIbHOU
mwiockoctu 15 °. bonee ynoOHO pa®oTaTh € KJIaBUILAMH, UMEIOIIMMH BOTHYTYIO
MOBEPXHOCTh, YETBIPEXYTOIBHYIO (OPMY C 3aKpYIJIEHHBIMU yriaaMu. KoHCTpyKIus
KJIABUIIM JIOJDKHA oOecredynBaTh ONepaTopy ollylleHue menyka. [[Ber kmaBuin
JOJKEH KOHTPACTUPOBATH C IIBETOM MaHEIH.

[Ipu omHOOOpa3HON YMCTBEHHOW paboTre, TpeOyrolel 3HAYUTEIHLHOTO
HEPBHOT'O HANPSKEHUs] U OOJIBIIOTO COCPENOTOUYCHHSI, PEKOMEHIYETCSl BHIOMPATh
HEsSpKHUE, MAJOKOHTPACTHBIEC IIBETOYHBIE OTTEHKH, KOTOpbIE HE pPacCEUBAIOT
BHUMaHuE (MaJOHACHIIIEHHbIE OTTEHKH XOJIOAHOTO 3€JIEHOT0 WM ToJyOooro

usetoB). [Ipu pabote, TpeOyrolieil UHTEHCUBHON YMCTBEHHOM WM (pU3MYECKON
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HaMpsKCHHOCTHU, PCKOMCHAYIOTCA OTTCHKHU TEMIBIX TOHOB, KOTOPLIC B036Y)KI[21IOT

aAKTUBHOCTDH YEJIOBEKA.
4.2.3 YcnoBus 6e3omacHoOi paboThI

OcHOBHBIC TMapaMeTPhbl, XapaKTCPHU3YIONIUE YCIOBUS TpyJda — 3TO
MUKPOKJIMMAT, IIIyM, BHOpalus, 53JCKTPOMarHUTHOE IIOJie, HM3JIy4YCHUE,
OCBCILICHHOCTb.

Bo3nyx paboueii 30HBI (MUKPOKIMMAT) MPOU3BOJCTBEHHBIX ITOMECIICHHUM
OTIPEJICIISIIOT CIICAYIONINE IMapaMeTphl: TeMIIepaTypa, OTHOCUTENIbHAS BIIAKHOCTD,
CKOPOCTh JBIKEHUS Bo3Ayxa. OnTumaiabHbie © JONMYyCTHMbBIC 3HAYCHHS
XapaKTePUCTUK MHMKPOKJIMMATa YCTaHABIMBAIOTCS B COOTBETCTBUU ¢ [17] m
pUBEACHBI B Ta0HIIC 4.2,

Tabnuna 4.2 — OnTuManbHbIE U JOIYCTUMBIE TApaMETPbl MUKPOKJIMMAaTa

OTHOcHTEeNbHAS CKOpOCTh JBUIKECHUS
[Tepuon roma Temmnepatypa, °C
BJIAXKHOCTB, %o BO3/yXa, M/C
XOJIOTHBIN U
23-25 40-60 0,1
MEePEXOIHBIN
Témnerit 23-25 40 0,1

K wmepompuaAtusiM 1O  O3I0pPOBJICHHUIO  BO3AYLIHOW  Cpeabl B
MPOU3BOJICTBEHHOM  TIOMEIIEHUM  OTHOCATCS:  NpaBWUJIbHAsl ~ OpraHu3alus
BEHTWISIIIMM W KOHAMIIMOHUPOBAHUS  BO3AyXa, OTOIUICHHUE TOMEIICHUH.
BeHTUIISIIIMS MOXKET OCYIIECTBISATHCS €CTECTBEHHBIM M MEXaHMYECKUM NyTEM. B
MOMEIIEHUE JOJKHBI TTOaBaThCsl CIEAYIONUE 00BEMBI HAPYKHOTO BO3/AyXa: MpHU
00béMme moMmerneHus a0 20 M° Ha denoBeka — He MeHee 30 M® B yac Ha 4eJIOBEKa,
npu o6béMe momenieHus Gonee 40 M Ha yelOBEKa U OTCYTCTBHMHU BbIJEJICHHUS
BpE/IHBIX BEIIECTB JIOMYCKACTCS €CTECTBEHHAS BEHTUJISIINSL.

CucreMa OTOmJICHMS JOJDKHA OOECIIEYMBATH JIOCTATOYHOE, IOCTOSHHOE M
paBHOMEpPHOE HarpeBaHue BoO3AyXa. B MOMeNeHUsX ¢ TOBBIIMICHHBIMHU

Tpe6OBaHI/I$IMI/I K YUCTOTC BO3AYyXa JOJDKHO HMCIIOJIB30BATHCA BOJAHOC OTOIIJICHHUC.
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[TapameTpbl MHUKpOKJIMMAaTa B UCIHOJb3YEMOW JAa0OpAaTOpPUU PEryIUPYIOTCS
CUCTEMOW UEHTPAJbHOIO OTOIUICHUS, MU HUMEIOT CJEAYIOIIUE 3HAYCHHUS:
BIaXHOCTh°—40%, cKopocTh nBWKeHHMsS Bozmyxa — 0,1 wm/c, Temmeparypa
aetom°—20-25 °C, 3umoit — 13-15 °C. B nabGoparopuui OCYIIECTBISETCA
€CTECTBEHHAasl BEHTWIAIMSA. Bo3nyx mocTtymaer u ynpansercs uepes Ieid, OKHa,
nBepu. OCHOBHOM HEJOCTATOK TaKOW BEHTWIALIMHM B TOM, YTO MPUTOYHBIA BO3TyX
MOCTYIAeT B MoOMelieHre 0e3 NpeIBApUTEIbHON OUYUCTKUA U HAarpeBaHUSI.

Ilym wu BuOpamus yXyamaloT YCIOBHS TpPyAa, OKa3bIBAIOT BPEIHOE
BO3J/ICIICTBUE HA OpPraHU3M YEJIOBEKA, a MUMEHHO, Ha OpraHbl ClIyXa U Ha BECh
OpraHuM3M 4Yepe3 LEHTPaJbHYI0 HEpPBHYK cucremy. B pe3ynbraTte 3TOro
ocJIa0JisieTcsl  BHUMAaHHWE,  yXYAIIaeTCs  aMATh,  CHIDKACTCS  peakius,
YBEIMYMBACTCS YHUCIO Omubok mpu padorte. Illym MoxkeT co3gaBaThecs
paboTaroimiiM 00OpYyJOBAaHUEM, YCTAaHOBKAMH KOHIUIIMOHUPOBAHUS BO3yXa,
OCBETUTEJbHBIMU MPUOOpPaMU JTHEBHOTO CBETA, a TaK)Xe MPOHMKATh H3BHE. [lpu
BbITIOJIHEHUU padoThl Ha [IDBM ypoBenb myma Ha pabodyeM MecTe HE JIOJDKEH
npesbimath S0 nb.

DOKpaH U CHUCTEMHbIE OJOKH MPOU3BOASAT AJIEKTPOMATHUTHOE H3IIyYCHHE.
OcHOBHasi €ro 4YacTh MPOUCXOJUT OT CHUCTEMHOTO OJIoka U BHJIECOKAOes.
HanpskeHHOCTh 3JIEKTPOMAarHUTHOTO TOJISI Ha paccTosiHUU 50 ¢M BOKPYT dKpaHa
O JIEKTPUUYECKOMN COCTABIIAIONICH JI0JKHA OBITH HE OoJiee:

— B amama3one JyactotT 5 I'n-2 xI'm — 25 B/m;

— B amama3one JyactoT 2 k['11-400 xI'my — 2,5 B/m.

[110THOCTH MarHUTHOTO MOTOKA JIOJKHA OBITH HE OoJiee:

— B auamna3one yactoT 5 I'u-2 kI'qy — 250 uTm;

— B aquana3oHe yacTtoT 2 kKl 11-400 xI'ix — 25 uTo.

Cy1iecTBYIOT CeAYIOIIUE CIIOCO0bI 3aUThl 0T DMII:

— YBEJMYEHUE PACCTOSHUS OT MUCTOYHHUKA (PKpaH JOJKEH HaXOJWUThCS Ha
paccrosiHuy He MmeHee 50 cM OT MOoJab30BaTEN );

— TPUMEHEHHE MPUIKPAHHBIX QUIBTPOB, CEIUATBLHBIX SKPAHOB U JAPYTHUX

CpCaACTB I/IHI[I/IBI/I]_IyaJ'II)HOf/JI 3aIlIUTHhI.
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[Ipu paGoTe ¢ KOMIBIOTEPOM HCTOYHMKOM HOHU3HPYIOMIETO H3ITy4YCHHS
aBisercss auciuied. [loa BIWsSHMEM HMOHM3MPYIOUIETO H3IYyYEHUsS B OPraHU3MeE
MOXET TIPOUCXOJHUTh HApPYIIEHUE HOPMAIBHOW CBEPTHIBAEMOCTH KpOBH,
YBEIIMYEHUE XPYIKOCTA KPOBEHOCHBIX COCYJOB, CHMWKEHHUE MMMYHHUTETAa U JP.
Jo3a o6myuenust pu pacctostHun 10 aucruies 20 cm coctasisier S0 mxP/gac. Tlo
Hopmam [17] koHctpykuus OBM  nomknHa oOecrneyuBaTh  MOIIHOCTH
HKCMO3UIIMOHHOW JI03bl PEHTIEHOBCKOTO U3JIyYeHUs B JIIOOOM TOuke Ha
paccrosauu 0,05 M ot 3kpana He 6oisiee 100 mxP/gac.

YTOMIISIEMOCTh  OPraHOB  3pEHUST MOXKET OBITh CBsI3aHA Kak C
HEJIOCTaTOYHOW OCBEIIEHHOCTBIO, TaK M C YPE3MEPHOM OCBEIICHHOCTBIO, a TAKKE C

HEIpaBUJIbLHBIM HAMPABICHUEM CBETA.
4.3 D1exTpoOe30MacHOCTh

B 3aBucumoctd OT ycnoBUMl B TOMEUIEHHMM ONACHOCTh IOpaKCHUS
YesloBeKa 3JIEKTPUUYECKUM TOKOM YBEJIIMYMBAETCS WM yMeHbllaetrcs. He cienyer
paboratb ¢ OBM u ApyrumMu S3J€KTPUYECKMMH YCTAHOBKAMU B YCIOBHUAX
NOBBIIICHHOM BJIAQXXHOCTH (OTHOCHUTEIbHAsI BJIAXKHOCTb BO3AYyXa JJIUTEIBHO
npeBbiaeT  75%), BbIcOKOM — Temmeparypel  (6osnee  35°C), Haiuuuu
TOKONPOBOJSALIEH  MBUIM,  TOKOMPOBOJAAIIMX  TOJOB U BO3MOXKHOCTHU
OJTHOBPEMEHHOTO NPHUKOCHOBEHMS K HWMEKOIIMM COEAUHEHUE C  3eMIEH
METAJUIMYECKUM 3JIEMEHTAM U METAJUTMYECKUM KOPITYCOM 3JIEKTPOOOOPYIOBAHUS.

Omnepatop 9BM pabotaet ¢ 35ekTponpudopamMu: KOMIBIOTEPOM (JTUCILICH,
CUCTEMHBIN OJIOK U T.11.) ¥ NepuepuiiHbBIMU yCTPOICTBAMHU.

CymiecTByeT 0NacHOCTb MOPAKEHUS SJIEKTPUUECKUM TOKOM B CIIETYIOLIUX
cllydasix:

— MpPU HEMOCPEICTBEHHOM IMPUKOCHOBEHWHU K TOKOBEAYIIMM YacTsIM BO
BpEMs pEMOHTA;

— NpPU NPUKOCHOBEHMHM K HETOKOBEAYIIMM 4YacTsIM, OKa3aBIIUMCS O]

HaIpsHKEeHUEM (B cllydae HapyIISHHs U30JISILIMY TOKOBEIYIINX YacTel);
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— NpU MNPUKOCHOBEHHMH C TIOJIOM, CTE€HaMH, OKAa3aBIUUMHUCSA IOJ
HaIpsHKEHUEM;

— TP KOPOTKOM 3aMbIKaHUU B BBICOKOBOJIBTHBIX OJIOKaX: OJIOKE MUTAHUSA
1 OJIOKE TUCIUJIEHON pa3BEPTKHU;

DNEKTPUYECKUAN TOK, ITPOXOJsl Yepe3 TEJIO YETIOBEKA, OKAa3bIBACT PA3IIMUHOE
BO3JICHICTBHE HA PA3JIMYHBIC CUCTEMbI OPraHU3Ma.

Buabl neiicTBus 3JIEKTPUYECKOTO TOKA HA OPTaHHU3M:

— DJIEKTPUYECKHUE TPABMBI;

— DJIEKTPUYECKHE YIAPBI

ONEeKTpUYECKHE TPaBMbl — 3TO MECTHBIE IIOPAXKEHUS TeJla: O0XOrIH,
MeTauIM3alus KOXKU, MEXaHHYECKHUE MOBPEXKACHUS OpraHu3Ma.

DNEeKTpUUYECKUN yap BbI3bIBACT BO30YK/IECHUE KUBBIX TKaHEH OpraHU3Ma
IIPOXOAMMBIE  4Y€pe3 HEro JJIEKTPUYECKUM TOKOM, COIPOBOKIAKOLINECS
HEIPOU3BOJIbHBIMU CYJIOPOKHBIMU COKPAIIEHUSIMUA MBIIIL, B TOM YHCIE MBILII]
cepala M JIETKUX. B pe3ynprare MOIyT BO3HUKHYTH pa3JIMUHbIE HapyLICHUS
KU3HENEATEIIbHOCTH OpraHu3Ma M JaXKe IOJHOE MPEKPAIICHUE IEATEIbHOCTH
JBIXaHUS U KPOBOOOPAICHHUS.

Meponpusrtus o o0ecrnedeHunto AJIEKTPOOE30MaCHOCTH
AIEKTPOYCTAHOBOK:

— OTKJIFOYEHHME HANPSUKEHHUS] C TOKOBEAYIIMX 4YacTe, Ha KOTOPBIX WJIU
BOJIM3U KOTOPBIX OYJET MPOBOJIUTHCA pabdOTa, U MPUHATHE MEP MO 0OECIEUECHUIO
HEBO3MOKHOCTH MOJAaYl HANPSHKEHUS K MECTY paOOThI;

— BBIBELIMBAHUE IJIAKATOB, YKa3bIBAIOIIUX MECTO pabOTHI;

— 3a3eMJICHHE KOPITYCOB BCEX YCTAHOBOK YEPE3 HYJIEBOW MPOBOJ;

— TMOKPBITUE METAJUIMYECKUX II0BEPXHOCTE HMHCTPYMEHTOB HaJECKHON
WU30JISIMCH;

— HEJOCTYMHOCTh TOKOBEAYIIMX 4YacTed amnmaparypbl (3aKiIlOYeHue B
KOpIyca 3JIEKTPONOPAKAIOIINX 3JIEMEHTOB, 3aKIIOYEHUE B KOPITYC TOKOBEIYIIHMX

vacreit) [18].
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4.4 TloxxapHas 1 B3pbIBHasI 0€301MaCHOCTh

CornacHo ¢ [19], B 3aBUCMMOCTH OT XapaKTEPUCTUKU HCIIOIb3yEeMbBIX B
MIPOU3BOJICTBE BEIIECTB U MX KOJUYECTBA, MO MOKAPHOW M B3PBIBHON ONMACHOCTHU
MTOMEIIEHUS NOAPA3AEIAOTCS Ha Kateropuun A, b, B, I', JI. Tak kak momMmenienue no
CTEIEHH MOKAPOB3PBIBOOIIACHOCTH OTHOCUTCS K KaTeropuu B, T.e. K mOMEEHNsIM
C TBEpPAbIMH CTrOPAIONIMMHU BEIIECTBAaMH, HEOOXOJUMO TMPEIYCMOTPETh P
npOQUIAKTUIECKIUX MEPOTPHUSITHIA.

Bo3MoXkHbIE TPUYMHBI 3aTOPAHHUSL:

— HCUCIIPABHOCTb TOKOBCAYIIIUX yacTe YCTaHOBOK;

paboTa c OTKPBITOM NMEKTpoannapaTypo;

KOPOTKHE 3aMbIKaHUs B OJIOKE MUTAHUS;

— HECOOII0JeHUE PABUII MOKAPHOU O€301aCHOCTH;

— HaJM4Ke TOPIOYMX KOMIIOHEHTOB: JIOKYMEHTBI, IBEPH, CTOJIbI, U3OJIALIUS
ka0enel u T.1I.

Meponpusatud 10 TOXKAapHOH NpOoQUIAKTUKE MOAPA3ACIAIOTCS HA:
OpraHU3alMOHHBIE, TEXHUYECKUE, IKCILTyaTallUOHHBIE U PEKUMHBIC.

OpraHu3aiilioOHHBIE ~ MEPONPUATHS  MPEIyCMATPUBAIOT  MPABHIBHYIO
HKCIUTyaTalll0 000pYyI0BaHUs, NMPABUIbHOE COJEpKaHUE 3/1aHUN U TEPPUTOPUH,
MPOTUBOIIOKAPHBIA ~ WHCTPYKTAX  pabouyux M CHOyXKalux, oOydeHue
MIPOM3BOJCTBEHHOTO TIEpCOHANIAa TpaBUJaM TPOTHUBOIMOKAPHOW OE30MacHOCTH,
U3JlJaHUue UHCTPYKIIMM, IUIaKaTOB, HAJIMYHUE IJIaHA 3BaKyallUu.

K TEXHUYECKUM MEPOTPHUITUIM OTHOCSITCSI: co0roieHne
IPOTUBOMOXKAPHBIX MPABUJI, HOPM MPHU MPOSKTUPOBAHUU 3[AHHM, TIPU YCTPOIHCTBE
AJIEKTPONPOBOJIOB M OOOPYAOBAaHHUSA, OTOIJICHUS, BEHTWISALMH, OCBEIICHHUS,
MIPAaBUJIBHOE pa3MeIeHNe 000PYI0BaHHMS.

K pexuMHBIM  MEpONpHUSATHSIM OTHOCSTCS, YCTAHOBJEHHE MpPaBUII
opranuzanuu  paboT, ©  COONIOACHHWE  MPOTHUBOMOXKApHBIX  Mmep. [l
NpeIyNpeKICHNs BOSHUKHOBEHHSI TI0)Kapa OT KOPOTKUX 3aMBIKaHUH, TIEPErpy30K

U T. JI. HE0OX0IUMO COOJTIO/IEHNE CIEAYIOMUX TIPABUIT MOXKAPHON O€30MTaCHOCTH:
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— HCKJIIOUeHHE  o0pa3oBaHUS  TOproYel  cpeapl  (TepMeTH3aius
000py10OBaHUs, KOHTPOJb BO3AYIIHON Cpe/ibl, padoyas u aBapuiiHas BEHTUIISLINS);

— IPUMEHEHHE IMPU CTPOUTEIIBCTBE U OTACIIKE 3JAHUK HECTOPAEMBIX HWIIH
TPYJIHO CTOPAEMBIX MaTEPHAIIOB;

— MpaBWIbHASL HJKCIUTyaTanus oO0opyAoBaHHs (TPAaBWIbHOE BKIIOYEHUE
o0OpyZoBaHUSI B  CE€Th  DJJIGKTPUUECKOTO IMUTaHUSA, KOHTPOJb Harpena
000pyI0BaHU);

— MNpPaBWIbHOE COJEP)KaHME 3JaHUW U TEpPpUTOpUl  (UCKIIOYEHUE
o0pa3oBaHMsI UCTOYHHKA BOCIUIAMEHEHUS — MPEAYNPEeKIECHUE CaMOBO3TOPaHUs
BEILIECTB, OTPAHUYEHUE OTHEBBIX padoT);

— 00y4eHHe MPOU3BOJICTBEHHOr0 MEPCOHANIa MpaBUjIaM MPOTUBOIIOKAPHOU
0e30IacHOCTH;

— W3JaHUE UHCTPYKIMIL, IIJIAKATOB, HAJUYHE [IJIaHA DBAKyalllH;

— COOJII0JIEHUE MPOTUBOMOMXKAPHBIX MPaBUJI, HOPM IPU MPOEKTUPOBAHUU
3MaHUl, TPU YCTPOWCTBE BJIEKTPONPOBOAOB U OOOPYIOBaHUA, OTOIICHUS,
BEHTHWJISILIUN, OCBELICHMUS;

— MPaBWIbHOE pa3MelleHne 000py10BaHUs;

— CBOEBPEMEHHBIN MPO(PUIAKTUUECKUII OCMOTpP, PEMOHT U HCIIBITAHUE
00opy1I0BaHUS.

[Ipu BO3HUKHOBEHUH aBapUMHOW CUTYyaIlM HEOOXOIUMO:

— COOOIIUTH PYKOBOJICTBY (JACKYPHOMY);

— MO3BOHUTH B aBapuiiHyto ciyx0y nian MUC — ten. 112;

— MPHHATb MCPLI 11O JIMKBUAAIMKU aBaApPHUH B COOTBCTCTBUU C I/IHCTPYKHI/Ieﬁ.
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3akJIroYeHue:

B xonme paboThl ObBUIO pacCUMTaHO HM3MEHEHHE CIIEKTpa AJIEKTPOHHOTO
TEpPaneBTUYECKOIO Iy4YKa IpPU MPOXOXKIECHUH BCEH CUCTEMbI (OPMHPOBAHUSA
nyuyka. HauOonplime mMOTEpH HSHEPrUM IMydyKa MPOUCXOASIT B BO3AyXE U
pacceuBaronux (osbrax.

bruto BeIsIBIIEHO, UTO B cinoe Bo3ayxa 100 cm tepsiercs 100 k3B sneprum.
[Ipu ucnonb3zoBaHUU BTOPOM paccenBaromied ¢osibru u3 4-x cnoeB AbC-mnactuka
B reomerpun ¢GopMupoBanus mydka Tepsiercs 700 k3B sHeprum, a npu
UCIIOJIb30BAaHUU BTOPOM pacceuBaronuii (onbru U3 marepuana ¢ OOJIbIIUM
atoMHbIM HOMepoM (Al) B Toit ke reomerpun — tepsiercss 900 k3B. B cioe Bo3myxa
100 cMm Tepsiercst 100 k3B snEprum.

[locTpoeHbl pachpeneneHusl IUIOTHOCTA —AJIEKTPOHHOIO IydyKa Ha
MOBEPXHOCTU BOJHOTO (haHTOMa NpPHU IMPOXOKJIECHUU Yepe3 BCE TUIIOBBIE YACTU
¢dopmupoBanus mydka. boree paBHOMEpHOE pacmpeselieHue 00ecreynBaoT
paccenBarorue Gonbpru u3 4-x cioes Al.

Paccuntano riyOMHHOE pacnpezesieHue J03bl 3JIEKTPOHHOIO IydKa B
BOJAHOM (paHTOME, C YUETOM MPOXOKACHHS BCEX TUIIOBBIX YacTell popMupoBaHUS
AIIEKTPOHHOT'O YCKOPHUTEJIS.

IIpoBeleHO cpaBHEHUE PACUETHBIX U SKCIEPUMEHTAJIbHBIX JaHHBIX. B
pe3yabTare KOTOPhIX OBLUIO BBISBJICEHO, YTO HOMHUHalIbHas »HHepruss 6 MbsB
3amanHas Ha yckoputean ONCOR  cOOTBETCTBYET pacCUMTaHHOW SHEPTrUu
YCKOPEHHBIX 3JIEKTPOHOB 6,3 M»1B.

B pabGore Obu1 ucnonb3zoBan [IM nns yMeHblIeHHsS BpPEMEHU pacyera.
[IpoBeneH pacueT riIyOMHHOM MPOIIEHTHOM 03Bl ¢ HcTonb3oBaHueM I1U, a Takxe
BBITIOJTHEHO CpaBHEHUE TTYOMHHOM MPOIEHTHOM M03bl C HcHoyib3oBaHueM [IU u
0e3 ero ucrnosnb3oBaHus. Takum oOpa3om, pacuetsl ¢ [IM mokazanu, yTo Bpems
pacdera riIyOMHHOM 10361 MOKHO COKpaTUTh Oosiee ueM B 10 pas.

OCHOBHOIl  TPYJIHOCTBIO B paboTe ObUIO HAWTH HEOOXOAUMYIO

uHpopmaruio 00 ycrpoiicTBax GopmupoBaHus mydyka. Tak Kak M3rOTOBUTEISIMU
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3Ta uH(OpMaLMs HE paclpocTpaHseTcs. A HUMEHHO: MaTepual U TOJIIMHA
pacceuBarOmUX (OJbI, pa3Mepbl MEPBUYHOIO W BTOPUYHOTO KOJIMMATOPOB,

Pa3MEPLI U IIOJIOKCHUC AIIIIJIMKATOPOB, TCOMCTPHUIO HOHU3UPOBAHHBIX KaMCpP U T.I.
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